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1.  Introduction. 

The  pigments  of  the  animal  body  constitute  a  nnmerons  and 
widely  distributed  class  of  substances.  Almost  all  of  the  tissues  and 
fluids  contain  more  or  less  pigment  either  in  solution  or,  what  is  more 
frequently  the  case,  in  the  form  of  minute  granules  of  various  shapes. 
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Some  of  tlie  pigments  that  are  of  great  physiological  importance — 
haemoglobin  and  the  biliary  pigments,  for  example — have  been  tlie 
subject  of  careful  investigation  and  are  fairly  well  understood  with 
respect  to  their  physical  and  chemical  properties,  their  origin  and 
relationships,  and  the  physiological  functions  which  they  subserve. 
There  are  many  more  pigments  of  the  human  body  whose  chemical 
properties  are  somewhat  known,  but  whose  physiological  relation¬ 
ships  are  very  obscure.  As  belonging  to  this  class  may  be  named 
the  pigments  found  in  melanotic  tumours,  those  of  the  retinal  and 
choroid  coats  of  the  eye  and  of  the  hair,  and  the  colouring  matters 
of  serum,  of  the  urine  and  of  fats. 

Another  large  class  of  coloured  substances  is  still  less  understood. 
Of  these  substances  we  know  at  present  little  more  than  that  they 
exist  in  this  or  that  tissue  of  the  body;  not  one  of  them  has  been  the 
subject  of  extended  chemical  research.  Instances  of  these  are  the 
dark  pigments  *  normally  present  in  the  heart,  liver,  kidney,  thyroid 
gland,  suprarenal  body  and  testicles,  on  the  peritoneal  surface  of  the 
intestines,  in  the  pia  mater  and  in  nerve  cells. 

Prominent  among  these  little-known  pigments  is  that  found  in 
the  epidennis  of  the  dark-skinned  races.  This  pigment  is  of  interest 
not  alone  because  it  is  the  distinguishing  characteristic  of  the  great 
majority  of  the  human  race  and  because  for  them  it  serves  a  physio¬ 
logical  purpose,  but  also  because  of  its  very  probable  relationship  to 
the  pigment  more  sparingly  deposited  in  the  skin  of  the  so-called 
white  races  and  to  the  dark  pigments  known  as  melanins,  examples 
of  which  are  found  in  the  hair  and  in  certain  malignant  tumours. 

Should  we  reach  a  thorough  understanding  of  the  pigment  of 
the  negro’s  skin,  and  should  this  pigment  prove  to  be  identical  with 
that  in  the  skin  of  the  white  races,  this  knowledge  might  throw  great 
light  on  many  anomalous  cases  of  pigmentation;  for  example,  the 
bronzed  skin  of  Addison’s  disease,  the  brownish  patches  appearing  on 
the  face  and  other  parts  of  the  body  during  pregnancy,  the  brown  or 
black  patches  sometimes  covering  large  areas  of  the  body  and  known  as 

*  Compare  Maass,  Zur  Kenntniss  d.  komigen  Pigmentes  im  menschl. 
KoriKir.  Arch.  f.  milcr,  Anat.,  Bd.  xxxiv,  p.  452. 
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njevi  spili,  na3vi  verrucosi,  and  nsevi  lenticulares,  and  the  lesser  pig¬ 
mentations  called  freckles. 

Perhaps  also  closely  allied  in  chemical  composition  to  these  pig¬ 
ments  is  that  which  is  developed  in  the  course  of  various  chronic 
skin  diseases,  such  as  psoriasis,  lichen  ruher,  and  xeroderma  pigmento¬ 
sum;  also  that  due  to  chemical  irritation,  as  after  the  application  of 
mustard  or  cantharidal  plasters  or  that  which  follows  the  repeated 
inroads  of  clothes  lice  and  other  parasites. 

We  shall  show  in  the  following  paper  that  it  is  possible  to  isolate 
the  pigment  of  the  negro’s  skin,  and  we  believe  that  the  same  or  a 
similar  method  will  be  found  applicable  to  many  of  the  instances  of 
pigmentation  above  enumerated,  more  particularly  to  extensive  dis¬ 
colorations  of  the  skin  in  white  persons,  as  in  Addison’s  disease. 

2.  Eaeliee  Woek  on  the  Pigment  of  tue  Negeo’s  Skin. 

The  only  work  of  a  chemical  nature  known  to  us  on  the  pigment 
of  the  negro’s  skin  is  found  in  a  brief  but  suggestive  paper  communi¬ 
cated  in  1876  to  the  Chemical  News  by  Prof.  J.  W.  Mallet,*  on  be¬ 
half  of  his  pupil  Dr.  F.  P.  Floyd.  This  investigator  confined 
himself  to  a  study  of  the  pigment  in  its  crude  state — that  is,  the  pig¬ 
mentary  granules  plus  the  cell  structure  enveloping  them.  His  mate¬ 
rial  was  obtained  by  cleansing  with  water  scrapings  of  the  skin  and 
treating  them  with  alcohol  and  ether  to  remove  the  fatty  matters. 
Since  no  attempt  was  made  to  isolate  the  true  colouring  matter,  el¬ 
even  the  pigmentary  granules  themselves,  the  results  arrived  at  are 
of  very  restricted  value.  Two  instances  will  suffice  to  show  how  in¬ 
applicable  to  the  isolated  pigment  is  a  statement  which  may  he  per¬ 
fectly  true  of  the  pigment  while  still  contained  in  the  cells  of  the 
epidermis,  f  Floyd  says  that  the  “  colouring  matter  ”  is  insoluble  in 
dilute  alkalies,  hut  we  found  the  purified  pigment  to  he  soluble  in  the 
most  dilute  alkalies  or  alkaline  carbonates  or  even  in  distilled  water, 
provided  only  that  the  pigment  used  has  been  recently  precipitated. 

*  On  the  Chemical  Character  of  the  Pigment  of  the  Negro’s  Skin.  Chemical 
^fcws,  1876,  vol.  xxxiv,  p.  179. 

t  The  term  pigment-grannies  in  Floyd’s  paper  can  only  be  construed  to 
mean  the  pigment-bearing  cells  of  the  rete  mucosum. 
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Again,  tlie  main  point  in  rioycFs  paper  and  the  one  for  wliicli  he  has 
been  widely  quoted  is  his  conclusion  regarding  the  iron  content  of 
the  pigments.  This  point,  however,  can  not  he  settled  by  an  analysis 
of  strips  of  cuticle.  On  incinerating  strips  of  dried  cuticle  taken 
from  both  black  and  white  cadavers,  he  found  that  the  ash  from  the 
former  weighed  approximately  twice  as  much  as  that  obtained  from 
an  equal  quantity  of  the  latter,  and  that  it  contained  approximately 
twice  as  much  iron.  From  this  he  concluded  that  in  all  probability 
the  pigment  of  the  negro’s  skin  is  a  chemical  modification  of  the  red 
colouring  matter  of  the  blood.  But  it  must  be  remembered  that 
ferruginous,  colourless  compounds  of  a  proteid  character  are  present 
in  every  cell,  and  on  that  acconnt  no  conclusion  as  to  the  iron  con¬ 
tents  of  the  pure  pigmentary  substance  can  be  reached  by  Floyd’s 
method.  We  shall  show  later  that  in  the  process  of  purifying  the  pig¬ 
ment,  the  amount  of  iron  steadily  decreases  with  the  removal  of  the 
adherent  inorganic  compounds  till  only  the  slightest  traces  of  this 
element  are  left — so  small  an  amount,  indeed,  that  we  have  concluded 
that  the  pure  pigment  contains  no  iron  as  a  constituent  of  its  mole¬ 
cule, 

3.  Method  of  obtaining  and  cleansing  the  Efidekmis. 

The  method  of  obtaining  the  cuticle  in  which  the  pigment  is 
lodged  varies  according  to  the  state  of  the  cadaver.  When  it  has 
lain  for  some  time  in  contact  with  aqueous  fluids,  the  epidermis  may 
easily  be  peeled  off  in  large  patches  from  the  underlying  corium  and, 
w'hat  is  a  further  advantage,  many  of  die  hairs  remain  embedded  in 
the  corium.  Or  the  entire  skin  is  first  removed  and  then  cut  into 
pieces  of  manageable  size  and  scrubbed  with  a  stiff  brush  under  a 
forcible  jet  of  water,  after  which  each  piece  is  held  for  a  few  minutes 
under  boiling  water  and  then  immediately  subjected  to  a  stream  of 
cold  water,  a  process  which  it  may  be  necessary  to  repeat  once  or 
twice.  The  consequent  expansion  and  shrivelling  results  in  a  separa¬ 
tion  between  the  rete  mucosum  and  the  underlying  corium,  and 
when  the  pieces  are  stretched  out  and  fastened  on  a  board  the  entire 
epidermis  can  be  removed  with  ease,  much  as  a  piece  of  wet  paper 
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is  lifted  from  a  table  on  which  it  has  been  flattened  out.  The  corium, 
it  may  he  added,  appears  perfectly  white  after  the  epidermis  has  been 
removed. 

When  these  methods  of  peeling  ofl  the  epidermis  are  not  possible, 
the  following  method  may  be  used.  Large  pieces  of  shin  obtained 
from  the  dissecting  room  are  allowed  to  soak  for  three  or  four  days 
in  a  five-  to  seven-per-cent  solution  of  potassium  hydrate,  after  which 
the  epidermis  is  removed  by  scraping  with  a  nickel  spatula.  This 
method  is  inferior  to  those  before  mentioned  on  account  of  the  greater 
difficulty  in  removing  the  hairs. 

When  a  sufficient  quantity  of  epidermis  has  been  collected,  it  is 
treated  first  with  water,  then  with  alcohol  and  ether  in  large  ex¬ 
tractors  especially  constructed  for  the  purpose.  After  ten  days  to 
two  weeks  of  this  treatment  the  shrivelled  and  dried  epidermis  has 
become  grayish  white  on  its  upper  surface,  the  whole  appearance 
reminding  one  of  paper  made  by  wasps,  and  on  its  lower  side  black  or 
brown  according  to  the  amount  of  pigment  contained  in  it.  The 
hairs  are  now  carefully  removed,  a  tedious  process  requiring  many 
days  of  labour. 

When  no  more  hairs  can  be  detected,  the  microscope  reveals  that 
the  small  white  specks  with  ■which  the  lower  surface  is  studded  con¬ 
sist  of  dried  hair  follicles  in  each  of  -which  is  embedded  a  minute 
hair.  These  hair  follicles  may  also  be  removed  with  the  help  of 
broad  nickel  forceps,  but  this  process  requires  so  much  time  that  it 
was  only  used  in  preparing  the  epidermis  for  the  quantitative  estima¬ 
tion  of  the  pigmentary  granules. 

4.  Action  of  Reagents  on  the  Cleansed  Epidermis. 

The  epidermis  cleansed  as  described  was  subjected  to  the  action 
of  various  chemical  reagents  as  follows : 

Alkalies. — Dilute  solutions  of  the  free  alkalies  (five  to  fifteen  per 
cent)  allowed  to  act  on  the  epidermis  at  room  temperature  for  some 
days  will  disintegrate  it,  and  maceration  at  water-bath  tempera¬ 
ture  brings  about  a  very  complete  disintegration  in  a  few  hours. 
This  is,  however,  no  true  solution  of  the  pigment,  for  although  a 
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large  part  of  the  turbid  fluid  will  pass  through  filter  paper  with  large 
pores,  it  clears  up,  if  allowed  to  stand  for  a  day  or  two,  a  closely 
packed  precipitate  being  found  at  the  bottom,  while  the  fluid  above 
is  of  a  faint  straw-colour  or  ruby-red,  according  to  the  strength  of  the 
alkali  used  (five  to  ten  per  cent)  and  the  length  of  time  it  has  been 
applied  (two  to  six  hours).  This  black  sediment  falls  out  more  quickly 
if  the  fats  have  been  thoroughly  removed  from  the  epidermis  before 
maceration. 

Even  prolonged  boiling  with  ten-  to  twenty-five-per-cent  solutions 
of  the  alkalies  extracts  hut  very  little  of  the  pigment.  Whatever 
the  strength  of  the  alkaline  solutions  used,  the  supernatant  fluid,  on 
being  filtered  and  neutralized  with  an  acid,  throws  down  a  precipi¬ 
tate  that  is  found  to  contain  a  great  deal  of  proteid  matter  which  is 
presumably  an  alkali-albuminate  with  the  admixture  of  a  little  pig¬ 
ment. 

If  the  black  precipitate  that  settles  out  from  the  turbid  fluid  as 
above  described  is  collected  on  a  flat  filter  and  washed  with  a  very 
weak  solution  of  acetic  acid,  it  will  be  found  to  consist  of  minute 
black  or  brownish  granules  which  resemble  the  pigmentary  granules 
seen  in  the  lower  cells  of  the  cuticle  in  a  microscopic  section  of  the 
skin.  Although  the  granules  are  thus  resistant  toward  even  strong 
solutions  of  .  the  free  alkalies,  they  dissolve  readily  in  weak  solutions 
of  the  alkalies  under  a  steam  pressure  of  150°  to  160°  C.  Thus  it 
was  found  that  when  scraps  of  cleansed  epidermis  are  heated  in  a 
sealed  tube  with  a  five-per-cent  solution  of  potassium  hydrate  for  a 
few  hours  at  the  above  temperature,  a  clear  black  fluid  is  obtained 
which  passes  through  filter  paper  with  great  ease  and  can  be  diluted 
with  water  to  any  extent  without  causing  a  precipitate.  The  addition 
of  an  acid  to  this  solution  throws  down  a  black  or  brown  flocculent 
precipitate  which  is  found  to  possess  the  properties  of  a  weak  acid; 
it  forms  very  soluble  amorphous  salts  with  free  alkalies  or  their  car¬ 
bonates. 

Acids. — ^With  the  exception  of  nitric  acid,  dilute  solutions  (five 
to  fifteen  per  cent)  of  the  mineral  acids  allowed  to  act  at  room  tem¬ 
perature  do  not  dissolve  out  the  pigment.  Concentrated  sulphuric 
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acid  requires  weeks  to  disintegrate  the  dried  epidermis.  Dor  the 
first  ten  days  the  only  effect  is  to  swell  the  pieces  of  epidermis  and 
bring  out  all  their  grooves  and  ridges-  Even  after  two  months  t.bi‘n 
filmy  pieces  are  seen  swimming  in  a  dark  fluid  out  of  which  settles 
no  precipitate. 

Concentrated  hydrochloric  acid  is  more  effective;  under  its 
action  in  the  course  of  two  weeks  all  of  the  pigmentary  granules 
have  settled  to  the  bottom,  leaving  the  supernatant  fluid  but  slightly 
coloured- 

Concentrated  nitric  acid  and  fuming  nitric  acid  are  most  effective 
solvents  of  the  entire  epidermis,  the  pigmentary  granules  included. 
After  some  hours  a  dark-brown  fluid  results  which,  on  being  freely 
diluted  with  water,  throws  down  a  dark-coloured  flocculent  precipi¬ 
tate.  This  precipitate,  washed  with  alcohol  and  ether,  is  found  to  dis¬ 
solve  with  ease  in  very  dilute  alkalies,  yielding  an  intensely  black 
solution.  But  if  the  nitric-acid  solution  has  been  allowed  to  stand  for 
some  weeks,  dilution  with  water  no  longer  throws  down  the  precipi¬ 
tate  and  the  solution  has  in  the  meantime  become  almost  decolour¬ 
ized.  Boiling  the  epidermis  for  a  short  time  with  much  nitric  acid  of 
specific  gravity  1.19  yields  a  dark-brown  solution  which,  on  the 
further  application  of  heat,  turns  yellow  and  becomes  finally  almost 
entirely  colourless.  On  diluting  this  solution  with  water,  no  precipi¬ 
tate  is  thrown  down. 

Glacial  acetic  acid  allowed  to  act  for  months  produces  no  marked 
changes  to  the  naked  eye;  under  the  microscope,  however,  it  be¬ 
comes  evident  that  certain  changes  in  the  cells  have  taken  place, 
for  the  pigmentary  granules  are  seen  with  greater  distinctness.  The 
action  of  chlorine  and  other  oxidizing  agents  on  the  epidermis  is  the 
same  as  their  action  on  the  isolated  pigment,  which  will  be  described 
later. 


5.  jMethods  of  isolating  the  Pigwextaky  Gkaxules. 

From  the  experiments  described  in  the  foregoing  pages  it  will 
be  seen  that  the  pigmentary  granules  of  the  epidermis  must  be  classed 
with  the  most  resistant  and  unalterable  elements  of  the  body. 
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For  the  purpose  of  learning  what  substances  enter  into  their  com¬ 
position,  we  proceeded  to  isolate  them  by  the  following  methods:  A 
given  weight  of  the  epidermis,  varying  from  10  to  160  grammes, 
cleansed  as  before  described,  even  the  dried  hair  follicles  being  for 
the  most  part  removed,  was  submerged  in  not  less  than  twenty  times 
its  weight  of  a  five-per-cent  solution  of  pure  potassium  hydrate  con¬ 
tained  in  large  nickel  bowls  placed  on  the  water  bath. 

The  water  in  the  bath  was  kept  actively  boiling,  and  the  pieces  of 
epidermis  were  for  the  first  half  hour  constantly  stirred  with  a  nickel 
spoon;  under  these  conditions  the  disintegration  of  the  epidermis 
proceeded  at  a  rapid  rate,  at  the  end  of  half  an  hour  only  very  small 
particles  remaining  undissolved. 

From  time  to  time  water  was  added  so  that  the  concentration  of 
the  solution  should  not  go  above  five  or  six  per  cent.  If  after  this 
process  has  been  carried  on  for  six  hours  the  nickel  bowl  be  set  aside 
for  twenty-four  hours,  there  will  be  found  in  it  a  supernatant  fluid  of 
light-reddish-brown  colour  and  a  dense,  black  powdery  precipitate 
consisting  of  the  pigmentary  granules. 

Microscopical  examinations  were  frequently  made  in  order  to  fol¬ 
low  the  gradual  disintegration  of  the  epidermis  step  by  step  until 
there  remained  only  minute  brownish  particles,  not  to  be  clearly  dis¬ 
tinguished  except  with  the  help  of  an  immersion  lens. 

In  Plate  XIY,  Fig.  1,  we  have  given  a  drawing  of  a  single  cell 
detached  from  its  neighbours  showing  the  appearance  of  the  gran¬ 
ules.  Fig.  2  represents  the  state  of  the  disintegration  after  the  po¬ 
tassium  hydrate  has  acted  on  the  epidermis  for  about  two  hours  and 
a  half.  It  will  be  seen  that  all  cell  outlines  have  been  destroyed,  the 
granules  adhere  together,  forming  brown  or  black  lumps  in  each  of 
which  the  individual  granules  are  easily  detected,  and  now  and  then 
a  small  aggi*egation  of  granules  has  a  contour  suggestive  of  the  origi¬ 
nal  cell  form.  Fig.  3  represents  the  condition  after  six  houm  of 
maceration.  Light  pressure  on  the  cover  glass  causes  the  granules  to 
fall  apart  and  to  appear  in  the  field  as  discrete  but  very  minute  light- 
brown  particles.  As  to  the  shape  of  these  granules,  we  have  concluded 
that  they  are  rather  elongated  than  round;  this,  however,  can  only 
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be  determined  by  examining  them  under  an  enlargement  of  a  thou¬ 
sand  diameters  or  more  and  under  favourable  circumstances.  The 
traces  of  foreign  matter  that  may  still  be  detected  among  the  granules 
after  long  maceration  may  be  removed  by  washing  with  warm  hydro¬ 
chloric  acid,  alcohol,  chloroform,  and  ether.  Thus  treated,  dried, 
and  powdered,  the  granules  cohere  into  little  black  lumps,  as  shown  in 
Fig.  4.  Eubbing  up  some  of  this  powder  with  dilute  alkalies  gives 
us  the  picture  under  the  microscope  of  individual  granules,  as  seen 
in  Fig.  3. 

A  few  yellowish  ovoidal  and  globular  particles  seen  here  and 
there  were  at  first  assumed  to  consist  of  a  substance  related  to  kerato- 
hyalin,  but  their  inability  to  take  up  methylene  blue  and  their  disap¬ 
pearance  in  hot  ether  and  hot  alcohol  show  that  they  consist  of  fat. 
Small  irregular  black  lumps  and  long  black  rods  that  were  now  and 
then  found  among  the  granules  were  shown  by  check  experiments 
with  pure  keratin  to  consist  of  nickel  sulphide.  This  is  formed  by  the 
sulphur  which  is  split  off  from  the  keratin  acting  on  the  nickel  of  the 
bowl  and  forming  a  thin  coating  of  nickel  sulphide,  which  breaks 
up  into  singular  and  varied  forms. 

Another  and  very  simple  method  of  isolating  the  pigmentary 
granules  consists  in  the  use  of  concentrated  hydrochloric  acid,  which, 
as  already  described,  entirely  dissolves  the  epidermis  excepting  only 
the  granules,  w4nch  fall  to  the  bottom  as  a  black  sediment.  Treat¬ 
ment  with  so  powerful  an  agent  may  remove  from  the  granules  much 
of  their  inorganic  matter,  but  when  it  is  desired  to  isolate  the  pig¬ 
ment  itself  rather  than  the  pigmentary  granules,  this  method  promises 
to  be  of  service  because  it  enables  us  to  isolate  with  ease  any  desired 
quantity  of  the  granules,  no  matter  how  large. 

The  black  granules,  prepared  by  either  of  the  above  methods, 
washed  and  dried,  become  a  snuff-coloured  powder,  not  to  be  distin¬ 
guished  in  appearance  from  that  yielded  by  the  pigment  itself  when 
it  has  been  isolated  from  the  granules. 

But,  as  we  shall  see  later,  these  two  powders  differ  markedly  in 
their  behaviour  toward  reagents. 
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6.  Possible  Contamination  of  the  Pigmentary  Granules  with 
Bacteria  and  Cell  Fragments. 

It  might  be  supposed  that  the  black  precipitate  described  by 
us  as  consisting  of  the  ultimate  pigmentary  granules  would  be  found 
to  be  much  contaminated  with  bacteria.  Such  is  not  the  case,  how¬ 
ever.  The  usual  methods  of  staining  have  failed  to  indicate  their 
presence  in  sections  of  the  dried  and  cleansed  epidermis,  and  the  fol¬ 
lowing  experiments  were  made  to  determine  whether  bacteria  can 
retain  their  structural  integrity  when  macerated  in  a  five-  to  six-per- 
cent  alkaline  solution  at  water-bath  temperature.  In  the  first  experi¬ 
ment  5  grammes  of  dried  tubercle  bacilli  (pure  culture)  were  sus¬ 
pended  in  75  cubic  centimetres  of  a  five-per-cent  solution  of  potas¬ 
sium  hydrate  contained  in  a  small  flask  which  was  attached  to  a 
reflux  condenser,  and  the  mixture  was  then  heated  for  four  hours  on 
an  actively-boiling  water  hath.  At  the  expiration  of  this  time  no  bac¬ 
teria  could  he  detected  either  on  direct  examination  of  the  resulting 
turbid  fluid  or  by  staining  some  of  the  precipitate  thrown  down  by 
alcohol. 

Nothing  remained  hut  amorphous  flakes  and  stringy  masses. 
A  like  negative  result  was  obtained  when  scrapings  from  culture 
tubes  containing  the  staphylococcus  pyogenes  aureus  were  subjected  to 
the  treatment  just  described.  Nencki  and  Schaffer  *  have  also  shown 
that  certain  putrefactive  bacteria  (names  not  given)  are  largely  dis¬ 
solved  when  treated  on  the  water  hath  with  only  0.5-per-cent  potas¬ 
sium  hydrate,  an  insoluble,  structureless  residue  remaining.  Con¬ 
tamination  of  the  pigmentary  granules  with  bacteria  must  therefore 
he  entirely  excluded. 

Neither  can  there  he  an  admixture  of  cell  fragments,  for  in  the 
granules  that  have  been  collected  on  flat  filters,  washed  with  hot 
two-per-cent  potassium  hydrate,  water,  hot  five-per-cent  hydrochlo¬ 
ric  acid,  hot  alcohol,  chloroform,  and  ether,  the  microscope  fails  to 
detect  any  hut  the  merest  traces  of  matter,  excepting  only  the  nickel 
sulphide  obtained  from  the  howls.  This  statement  is  also  confirmed 

*  Eeview  in  Jahrcsl).  d.  Tliicr-Clicmk,  Bd.  ix,  p.  385. 
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by  the  fact  that  the  iron  reaction  (HCl  and  K4FeCy6)  can  now  no 
longer  be  obtained. 

But  the  most  conclusive  proof  that  no  foreign  matter  of  organic 
nature  lies  between  the  granules  is  found  in  the  fact  that  from  a 
given  weight  of  granules  an  amount  of  crude  pigment  may  be  ob¬ 
tained  by  the  method  soon  to  be  described  whose  weight  equals  that 
of  the  granules  minus  their  ash.  In  other  words,  the  crude  soluble 
pigment  with  properties  so  different  from  the  granules  contains 
everything  that  they  contain,  barring  only  their  great  excess  of  ash. 

The  force  of  the  above  statement  will  become  more  apparent 
when  we  note  the  method  of  disrupting  the  granules,  presently  to  be 
described,  for  the  reagents  used  for  this  purpose  are  the  very  ones 
that  have  already  done  their  work  in  dissolving  out  foreign  organic 
matter. 

7.  Proportionate  A^iount  of  Pigmentary  Granules  in  the 
Dried  Epidermis. 

Ten  grammes  of  cleansed  epidermis  from  which  even  the  hair 
follicles  had  been  removed  were  macerated  for  six  hours  in  a  nickel 
bowl  as  just  described. 

The  pigmentary  granules  were  then  collected  in  two  portions  on 
small  flat  filters,  washed  with  a  warm,  dilute  solution  of  potassium 
hydrate,  then  with  alcohol  containing  a  very  little  acetic  acid  until 
the  potassium  hydrate,  as  shown  by  the  flame  test,  was  entirely  re¬ 
moved,  then  with  hot  alcohol,  hot  chloroform  and  ether,  and  dried  at 
110°  C.  to  constancy  of  weight. 

The  amount  of  pigmentary  granules  on  the  one  filter  weighed 
0.2120  gramme,  on  the  other  0.1089  gramme.  The  total  residue  of 
pigmentary  granules,  therefore,  equaled  0.3209  gramme.  From  this 
amount  we  must  subtract  0.0121  gramme  as  consisting  of  sulphide 
of  nickel,  leaving  0.3088  gramme  of  pigmentary  granules.  The 
granules  would,  therefore,  constitute  3.08  per  cent  of  the  epidermis 
when  cleansed  as  described. 

In  a  second  experiment  9.77  grammes  of  carefully  prepared  epi¬ 
dermis  from  various  parts  of  the  body  was  treated  in  the  same  man- 
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ner,  except  tliat  the  process  of  maceration  was  carried  on  in  a  porce¬ 
lain  instead  of  a  nickel  bowl.  In  this  case  the  pigmentary  granules 
obtained  weighed  0.3693  gramme. 

17eglecting  the  trifling  weight  of  contaminating  material  that 
was  derived  from  the  porcelain  bowl,  we  find  the  proportion  of  gran¬ 
ules  somewhat  higher — viz.,  3.78  per  cent.  It  is  well  known  that  the 
epidermis  varies  in  thickness  in  different  parts  of  the  body,  and  the 
difference  in  the  above  results  is  therefore  easily  accoimted  for. 

8.  The  Substratum  of  the  Pigmentary  Granules. 

We  believe  that  a  perusal  of  the  following  pages  will  leave  no 
doubt  that  the  pigmentary  granules  which  settle  in  the  bowls  when 
the  epidermis  is  macerated  in  warm  solutions  of  potassium  hydi’ate 
are  no  other  than  the  pigmentary  granules  that  may  be  seen  under 
the  microscope  in  every  cross-section  of  the  negro’s  skin.  We  grant 
that  we  must  remain  in  ignorance  as  to  whether  the  long  maceration 
necessary  to  free  the  granules  from  the  cells  in  which  they  are  lodged 
may  not  have  extracted  from  the  granules  themselves  some  constitu¬ 
ent  of  a  proteid  or  keratinoid  character.  It  would  appear  probable, 
however,  that  had  this  been  the  case,  the  granules  would  have  fallen 
to  pieces  as  do  bacteria  when  their  soluble  proteids  are  removed  from 
them  by  treatment  with  hot  alkalies. 

We  must  also  concede  it  to  be  possible  that  the  water,  alcohol,  and 
ether  used  have  removed  from  the  granules  some  constituent  soluble 
in  these  agents,  but  this  error,  if  it  be  such,  is  unavoidable. 

We  have  already  alluded  to  the  fact  that  the  granules  become 
somewhat  translucent  and  pale  after  long  treatment  with  hot  alkalies. 
This  change  becomes  very  apparent  when  microscopic  sections  of 
healthy  skin  taken  from  a  living  subject  are  thus  treated  on  the  warm 
stage  and  examined  from  time  to  time.  This  has  been  kindly  done 
for  us  by  Dr.  T.  C.  Gilchrist.  Dr.  Gilchrist  has  watched  under  the 
microscope  the  sections  during  the  different  stages  of  their  disinte¬ 
gration  under  the  action  of  alkalies  of  varying  strength,  and  has 
demonstrated  that  the  granules  remaining  are  those  originally  de¬ 
posited  in  the  epidermis. 
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Post  *  has  also  made  this  observation,  for  he  says  that  the  ele¬ 
mentary  granules  are  seen  as  pale,  somewhat  swollen  rods  when  they 
have  been  decolourized  f  by  concentrated  potassium  hydrate  which 
has  been  allowed  to  act  on  them  at  room  temperature  for  some  weeks. 

Are  we  to  conclude  from  these  observations  that  the  pigmentary 
substance  is  lodged  in  a  substratum  of  a  different  character,  that  there 
is  a  ground  substance  which  constitutes,  so  to  speak,  the  body  of 
the  granules  and  which  is  permeated  with  the  pigment?  In  other 
words,  are  we  to  look  upon  these  granules  as  a  kind  of  trophoplast,  like 
chlorophyll  granules,  and  like  them  composed  of  a  substratum  of  pro- 
teid  matter  which  is  stained  with  a  pigment? 

It  appears  that  histologists  who  have  given  attention  to  the  sub¬ 
ject  incline  to  this  latter  view.  W.  v.  Nathusius,  ^  for  instance, 
has  recently  shown  in  his  paper  on  the  fibrillary  structure  of  the 
keratinoid  cells  of  the  fibrous  coat  of  hairs  that  these  cells  may  be 
so  far  disintegrated  with  warm  ammonia  as  to  leave  undissolved 
their  pigmentary  granules,  lying  for  the  most  part  in  rows  as  origi¬ 
nally  deposited  in  the  cells,  but  deprived  of  some  of  their  pigment. 
This  investigator  also  furnishes  drawings  of  the  granules  arranged 
in  rows  in  the  isolated  fibrils,  their  natural  pigment  removed,  and 
methyl  violet  or  fuchsin  substituted. 

Still  other  evidence  that  there  is  present  in  these  granules  a  non- 
pigmented  substraUim  is  presented  by  Reinke,  who  has  recently  sought 
to  establish  the  histological  similarity  of  these  structures  to  the  tropho- 
plasts  of  the  botanist.  Reinke  has  found  that  the  pigmentary  gran¬ 
ules  of  the  peritoneal  cells  of  the  larva  of  the  salamander  may  be 
bleached  with  hydrogen  peroxide  and  then  stained  with  safranin.  He 
concludes  as  follows;  “Inasmuch  as  the  pigmentary  granules  can 


*  Virchow’s  Archiv,  Bd.  cxxxv,  p.  493. 

t  Post  evidently  does  not  use  “  Entfiirbung  ”  in  its  literal  sense.  In  our 
experience,  potassium  hydrate  never  entirely  removes  the  pigment  unless  the 
granules  have  first  been  subjected  to  an  acid. 

t  Arch.  f.  mikr.  Anat.,  Bd.  xliii,  p.  153.  In  the  explanatory  remarks  devoted 
to  the  drawings  v.  Nathusius  refers  to  detritus  lying  among  the  fibrils.  We 
must  therefore  assume  that  the  ammonia  leaves  much  undissolved  matter 
in  addition  to  the  fibrils  and  granules. 

*  Arch.  f.  milcr.  Anat.,  Bd.  xliii,  p.  393. 
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be  freed  of  pigment  and  again  coloured  with  a  staining  dye,  it  would 
appear  to  be  a  justifiable  conclusion  that  the  substratum  of  the  gran¬ 
ules  is  something  different  from  the  pigmentary  substance.” 

We  must  say,  however,  that  Reinke’s  argument  does  not  seem  to 
us  conclusive.  The  substance  constituting  the  pigment  may  have 
been  left  in  situ  after  having  been  bleached  by  the  hydrogen  peroxide 
and  the  substance  that  took  up  the  new  dye  may  be  no  other  than  the 
original  pigmentary  substance  itself.  In  a  word,  Keinke  has  not 
proved  that  the  hydrogen  peroxide  removes  anything  from  the  gran¬ 
ules. 

No  objection  can  be  made,  we  think,  to  the  following  method 
of  demonstrating  that  there  is  in  these  granules  a  substratum  of  a 
non-pigmentary  character.  Some  of  the  granules  isolated  and  puri¬ 
fied  as  already  described  are  macerated  for  a  week  or  ten  days  at 
room  temperature  with  a  large  excess  of  hydrochloric  acid  of  five 
per  cent.  The  flask  containing  the  granules  and  the  acid  is  shaken 
a  few  times  a  day,  and  every  second  day  the  acid  is  poured  off  and 
fresh  acid  added.  At  the  end  of  the  time  the  granules  are  washed 
free  of  acid  with  the  help  of  a  suction  pump  or  a  centrifugal  machine, 
and  are  then  treated  on  the  water  bath  with  dilute  (two-  to  five-per¬ 
cent)  potassium  hydrate.  An  astonishing  change  has  taken  place; 
the  granules  now  yield  up  their  pigment  in  large  amount  to  weak 
alkahes  and  a  fluid  of  a  deep-brown,  almost  black,  colour  may  be 
filtered  off  in  a  short  time. 

When  examined  under  the  microscope,  immediately  after  the 
coloured  substance  begins  to  leave  them,  the  granules  may  still  be 
detected  as  mere  shades  of  their  former  selves. 

Soon,  however,  only  faintly  coloured  debris  is  left,  as  when  bac¬ 
teria  are  similarly  treated.  This  debris  must  originate  in  the  pigmen¬ 
tary  granules,  and  it  can  represent  nothing  else  than  the  substratum 
of  Eeinke  and  others. 

We  have  attempted  to  stain  the  granules  just  as  they  were  begin¬ 
ning  to  give  up  their  black  pigment  to  the  potassium  hydrate.  This 
would  have  made  the  proof  of  a  separate  substratum  absolutely 
complete,  for  we  should  have  had  on  the  one  hand  the  clear,  black 
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solution,  and  on  the  other  the  minute  elements  coloured  with  the 
artificial  dye.  But  after  being  treated  with  potassium  hydrate,  the 
ground  substance  seems  incapable  of  taking  up  the  new  dye.  We 
tried,  therefore,  another  method.  After  the  treatment  with  cold  hy¬ 
drochloric  acid  of  five  per  cent,  a  small  quantity  of  the  granules  was 
placed  in  a  glass  tube  with  a  mixture  of  one  volume  of  alcohol  and  six 
volumes  of  concentrated  ammonia.  The  tube  was  sealed  and  then 
kept  in  a  water  bath  at  100°  C.  for  six  to  ten  hours.  This  process 
extracts  from  the  granules  a  little  of  their  pigment  and  they  will  then 
take  up  gentian  violet  with  avidity,  as  seen  in  Plate  XIV,  Pig.  5. 

The  certain  presence  of  a  non-pigmented  ground  substance  in  the 
pigmentary  granules  has  led  us  to  inquire  whether  it  would  not  be 
possible  to  isolate  from  white  epidermis  and  white  hair  minute  ele¬ 
ments  which  would  correspond  in  every  particular,  except  colour,  to 
the  black  granules  of  the  negro’s  skin  and  hair.  We  therefore  sub¬ 
jected  to  the  treatment  already  described  such  structures  as  white 
horn,  white  hair  of  the  dog  and  of  the  rabbit,  merino  wool,  and  scales 
of  epidermis  from  a  person  afflicted  with  ichthyosis.  We  found  that 
wliite  horn  dissolved  in  five-  to  ten-per-cent  solutions  of  warm  potas¬ 
sium  hydrate  to  a  perfectly  clear  fluid.  The  other  keratiuoid  struc¬ 
tures  yielded  varying  small  amounts  of  a  highly  resistant  proteid. 
We  have  boiled  this  substance  for  four  hours  with  a  five-per-cent 
solution  of  hydrochloric  acid  with  the  result  that  only  a  part  of  it 
wont  into  solution,  and  if  the  substance  bo  again  subjected  to  hot 
potassium  hydrate  of  five  per  cent,  only  a  little  passes  into  solu¬ 
tion.  In  short,  even  the  alternate  application  for  a  long  time  of  boil¬ 
ing  alkali  and  acid  does  not  entirely  dissolve  this  resistant  proteid. 

We  assume  this  body  to  have  properties  very  like  that  of  the  ground 
substance  of  the  granules,  and  if  this  assumption  be  correct,  it  ex- 
I)lains  why  it  is  so  difflcult  to  remove  from  the  pigment  all  traces  of 
the  contaminating  ground  substance.  Of  all  the  keratinoid  structures 
just  referred  to,  white  hair  from  the  dog  is  the  most  resistant  to  alka¬ 
lies  and  appears  to  contain  the  largest  proportion  of  the  unknown 
proteid. 

As  the  quantity  of  this  proteid  is  in  any  case  small,  a  large  amount 


376  On  the  Pigment  of  the  Negro's  Shin  and  Hair 

of  material  is  necessary,  and  most  of  our  experiments  were  made  on 
merino  wool. 

AVe  shall  soon  publish  the  results  of  our  observations  on  the 
chemical  properties  of  this  hitherto  overlooked  proteid.  We  may 
say  that  by  our  present  method  of  macerating  merino  wool  and  the 
other  keratinoid  structures  with  potassium  hydrate  this  resistant  pro¬ 
teid  is  left  behind,  not  as  white  granules,  hut  as  an  amorphous  com¬ 
pound.  After  isolating  the  proteid  just  referred  to,  we  found  that 
V.  I^athusius*  has  shoAvn  that  when  white  hair  is  treated  with  a  boil¬ 
ing  aqueous  solution  of  methylgreen,  minute,  deeply  coloured  particles 
may  be  detected  which  correspond  in  size  and  in  position  to  the  “  air 
spaces  ”  of  Kdlliker  in  white  hair  and  to  the  pigmentary  granules  in 
coloured  hair.  Von  iN^athusius  therefore  concludes  that  the  same 
histological  element  is  present  in  both  white  and  black  hair,  differing 
in  the  latter  case  only  in  its  pigment. 

9.  The  Inorganic  Constituents  of  the  Pigmentary  Granules. 

Having  seen  that  the  pigmentary  units  may  he  isolated  in  any 
desired  quantity,  it  becomes  of  interest  to  learn  what  inorganic  con¬ 
stituents  enter  into  their  composition.  This  problem  is,  furthermore, 
one  of  physiological  importance,  as  bearing  on  the  broad  question  of 
the  distribution  and  localization  of  the  inorganic  constituents  of  the 
body. 

Numerous  difficulties  have  been  encountered  in  the  analysis  of 
the  granules  obtained  from  the  epidermis.  Their  ash  content  is  found 
to  be  too  high,  when  they  are  not  washed  with  hydrochloric  acid,  to 
remove  the  amorphous  material  which  appears  to  be  precipitated 
among  them  by  the  alkali  used.  This  material  promptly  gives  an 
iron  reaction  with  HCl  and  K4reCyo — a  test  which  was  applied  in 
vain  to  the  granules.  This  foreign  material  may  readily  be  removed 
by  washing  the  granules  with  hot  hydrochloric  acid  of  two  to  five 
per  cent;  but  this  process  deprives  the  granules  themselves  of  some 
of  the  inorganic  matter  properly  belonging  to  them.  We  have  in¬ 
cinerated  the  granules  both  before  and  after  washing  with  hot  hydro- 


*  Loc.  ci7.,  p.  152. 
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■chloric  acid,  and  find  that  in  either  case  an  error  is  introduced  into 
the  analysis,  the  total  ash  being  too  large  in  the  first  and  too  small 
in  the  second.  The  true  value  lies  somewhere  between  the  two.  In 
the  case  of  the  hair  granules  soon  to  be  described,  the  ash  content 
obtained  by  incineration  without  previous  washing  with  hydrochloric 
acid  gives,  in  our  opinion,  a  correct  value,  because  no  foreign  matter 
appears  to  be  precipitated  upon  them. 

Stating  for  the  present  the  results  of  our  analyses  in  round  num¬ 
bers,  we  find  that  the  inorganic  constituents  of  the  pigmentary  gran¬ 
ules  of  the  hair  dried  at  110°  C.  without  previous  washing  with 
hydrochloric  acid  make  up  rather  more  than  eleven  per  cent  of  their 
weight.  Washed  with  hydrochloric  acid  of  five  per  cent,  their  ash 
■content  still  amounts  to  nearly  seven  per  cent. 

The  pigmentary  granules  of  the  epidermis  dried  at  110°  C.  with- 
■out  previous  washing  with  hydrochloric  acid  show  an  ash  content  of 
twenty-six  per  cent.  After  thorough  washing  with  hot  hydrochloric 
acid  this  percentage  is  reduced  by  one  half. 

The  great  difficulty  of  entirely  removing  all  adherent  foreign  mat¬ 
ter  from  the  epidermis  of  a  cadaver  causes  us  to  view  with  suspicion 
this  very  high  ash  content  of  the  epidermal  granules,  and  we  can  not  at 
the  present  writing  assert  positively,  as  we  can  for  the  ash  content  of 
the  hair,  that  no  foreign  inorganic  matter  was  present.  But,  as  has 
been  described,  the  greatest  pains  was  taken  to  cleanse  the  skin  thor¬ 
oughly,  and  the  results  we  give  are  taken  from  several  accordant 
analyses. 

The  acids  present  in  the  granules  are  silicic,  sulphuric,  and  phos¬ 
phoric;  the  bases*  are  calcium,  magnesium,  and  iron,  the  order  of 
statement  representing  the  relative  amounts.  Treatment  of  the  gran¬ 
ules  with  hot  hydrochloric  acid  of  five  per  cent  reduces  the  salts  of 
sulphuric  and  phosphoric  acids  to  a  low  figure,  only  about  ten  per 
cent  of  these  constituents  remaining,  while  the  percentage  of  silicic 
acid  is  but  little  affected.  Iron  constitutes  over  four  per  cent  of  the 

*  A  little  aluniiniiini  oxide  was  also  found  in  the  ash  from  both  kinds  of 
granules.  We  must,  however,  reserve  for  a  later  paper  the  question  whether 
.a  small  amount  of  aluminium  is  contained  in  the  human  epidermis  and  hair. 
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ash  of  tlie  epidermal  grannies  when  these  have  not  been  washed  with 
hydrochloric  acid,  or  about  one  per  cent  of  the  dry  granules. 

A  trace  of  this  element  is  retained  by  the  granules  with  great 
tenacity  in  spite  of  repeated  treatment  with  hydrochloric  acid;  but, 
as  we  shall  see  later,  iron  does  not  constitute  an  integral  part  of  the 
molecule  of  the  pigment. 

That  silicon  is  present  in  the  pigmentary  granules  of  both  the  skin 
and  hair,  we  can  have  no  doubt.  As  found  by  us  in  the  granules  of 
the  hair,  for  example,  no  foreign  source  can  be  claimed  for  it  when 
we  state  that  the  hair  was  cut  for  us  from  the  heads  of  clean  negroes 
in  the  hospital  wards;  that  it  was  most  carefully  picked  over  and 
washed  with  hot  water,  alcohol,  and  ether;  that  it  was  macerated 
in  nickel  bowls,  and  the  granules  collected  on  flat  filters  placed  on 
perforated  porcelain  plates  in  glass  funnels,  the  sides  of  the  filters  pro¬ 
jecting  upward  along  the  Avail  of  the  glass  funnels,  so  that  the  gran¬ 
ules  themselves  were  hardly  in  contact  Avith  the  glass,  and  the  silicates 
taken  from  the  glass  by  the  alkaline  fluid  Avould  all  be  carried  into 
the  filtrate.  Besides,  the  amount  of  silicon  foiind  is  too  large  to  he 
deriA^ed  from  the  glass  funnel,  even  if  no  care  had  been  taken.  A 
conclusive  proof  that  silicates  are  present  in  the  granules  of  both  the 
epidermis  and  the  hair,  and  that  they  pass  into  solution  along  Avith 
the  pigment  and  adhere  to  it  Avith  great  tenacity,  is  seen  in  the  fol- 
loAving  fact.  It  is  possible,  as  Ave  shall  see,  to  prepare  from  the  epi¬ 
dermis  a  specimen  of  soluble  pigment  that  shall  contain  no  less  than 
tAvelve  per  cent  of  ash,  including  the  silicates.  Such  a  pigment  Avill, 
'nevertheless,  remain  in  solution  in  alcohol  of  eighty  to  ninety  per 
cent  for  an  indefinite  period,  provided  only  that  a  freshly  precipitated 
pigment  be  used.  But  silicates  that  have  been  dissolved  out  of  uten¬ 
sils  of  glass  and  porcelain  by  alkalies,  when  added  even  in  small 
amount  to  an  alcoholic  solution  of  the  pigment  of  the  strength  re¬ 
ferred  to,  fall  out  promptly,  as  Ave  found  by  actual  trial,  and  carry 
doAvn  Avith  them  considerable  pigment. 

The  above  furnishes  one  of  several  proofs  of  the  close  union  that 
exists  between  the  substratum  of  the  pigment  and  the  inorganic  con¬ 
stituents  of  the  pigmentary  granules.  Other  instances  of  this  condition 
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are  seen  in  the  firm  union  that  exists  between  the  proteids  of  the  body 
and  the  mineral  compounds  accompanying  them.*  In  the  vegetable 
world  we  find  the  same  close  connection  existing  between  cellulose 
and  mineral  compounds,  like  silicates  of  iron  and  calcium.  Small 
quantities  of  inorganic  material  still  adhere  to  cellulose,  even  after 
repeated  solution  in  ammoniacal  cupric  oxide  and  repeated  pre¬ 
cipitations  and  washings  with  hydrochloric  acid,  thus  furnishing 
a  striking  reminder  of  the  readiness  with  which  our  pigment  re¬ 
mains  in  solution  in  alcohol,  notwithstanding  the  considerable  quan¬ 
tity  of  adherent  mineral  matter.  Lange  f  concludes,  as  the  result  of 
his  experiments  in  this  field,  that  the  mineral  constituents  which  can 
not  be  entirely  removed  from  cellulose  are  distributed  in  the  mem¬ 
branes  of  the  cell  as  particles  of  an  insoluble  compound  of  the  ele¬ 
ment  in  question;  and  when  the  membranes  are  dissolved,  these  min¬ 
eral  compounds  are  held  in  suspension  in  the  solution,  and  filtering 
holds  back  only  a  portion.  Some  such  hypothesis  may  also  explain 
the  ‘‘  close  union  ”  referred  to  above  as  existing  among  the  constitu¬ 
ents  of  the  pigmentary  granules. 

That  silicon  should  be  foimd  in  the  pigmentary  granules  of  both 
the  epidermis  and  the  hair  need  not  occasion  surprise.  Silicon  has  long 
been  known  to  be  one  of  the  constituents  of  hair;  it  has  also  been 
found  in  the  epidermal  scales  from  a  person  afflicted  with  ichthyosis,  X 
and  traces  of  it  exist  in  the  urine.  It  is  found  to  a  considerable  extent 
in  the  ash  of  feathers,  and  Ilenneberg  has  found  it  in  the  blood 
of  chickens  to  the  amount  of  0.0139  per  cent.  It  is  very  probable 
that  silicon  may  be  proved  to  be  an  indispensable  constituent  of  the 
integumentary  structures,  more  especially  of  their  pigmentary 
granules. 

As  to  the  function  of  these  inorganic  constituents,  we  can  only 
offer  surmises.  It  may  be  that  they  serve  the  purpose  of  a  mordant, 
enabling  the  substratum  of  the  granule  to  hold  and  “  fix  ”  the  solu- 

*  Cf.  M.  Nencki,  Bemerk.  iib.  d.  sogenannte  Asche  d.  Eiweisskorper.  Arch, 
f,  exp.  Path.  u.  Pharmakol.,  Bd.  xxxiv,  p.  334. 

t  Ber.  d.  dcutsch.  chcm.  Gesellsch.,  Bd.  xi  (1878),  p.  826. 

t  Halliburton,  Chemical  Physiology  and  Pathology,  p.  566. 

*  Ann.  d.  Chem.  u.  Pliarm.,  Bd.  Ixi  (1847),  S.  257. 
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ble  pigment.*  Closer  study  of  tliis  interesting  question  may  perhaps 
furnish  an  insight  into  nature’s  method  of  dyeing.  We  have  already 
said  that  it  is  only  possible  to  dissolve  the  granules  in  weak  alkalies 
at  water-bath  temperature  when  they  have  first  been  subjected  to 
maceration  with  hydrochloric  acid.  Now,  it  can  be  easily  shown  that 
the  acid  removes  only  inorganic  constituents  from  the  isolated  gran¬ 
ules,  and  it  would  therefore  seem  that  the  presence  of  this  inorganic 
matter  is  in  some  way  essential  to  the  retention  of  the  pigment,  since 
its  removal  renders  the  granules  soluble  in  a  medium  which  before 
failed  to  dissolve  them. 

The  ash  content  of  the  granules  remains  high,  even  if  large  de¬ 
ductions  are  made,  as  in  the  case  of  those  derived  from  the  epidermis. 

Our  analyses  are  verified  in  this  respect  by  one  made  many  years 
ago  by  Scherer,  t  who  includes  in  his  analyses  of  proteids  that  of  the 
pigment  called  by  him  the  pigmentum  nigrum  oculi.  To  obtain  it, 
the  black  pigment-bearing  cells  of  the  choroid  coat  of  oxen’s  eyes  were 
brushed  otf  with  camel’s-hair  brushes  under  water,  allowed  to  settle, 
and  were  then  strained  through  a  filter  of  linen  cloth,  in  order  to  re¬ 
move  any  fragments  of  tissue;  the  inky-black  filtered  fluid  was  then 
evaporated,  and  the  residue  extracted  with  boiling  alcohol  and  ether, 
and  dried;  0.345  gramme  of  the  dried  substance  gave  0.035  gramme 
of  ash,  or  10.1  per  cent.^  In  Scherer’s  analysis  the  entire  pigment¬ 
bearing  cells  of  the  choroid  coat  were  incinerated;  but  had  he  iso¬ 
lated  and  analyzed  the  granules  themselves,  we  have  no  doubt  the 
ash  content  would  have  approximated  that  found  by  us  in  the  hair. 
It  seems  highly  probable  that  all  pigmentary  granules  contain  a  great 
deal  of  inorganic  matter. 

*  Such  a  theory  must,  however,  take  account  of  tlie  fact  that  white  featliers 
contain  fully  as  much  silicon  as  <lo  those  that  are  coloured,  also  that  the 
feathers  of  birds  liviiif?  on  {grains  contain  more  silicon  than  those  livinjjf 
mainly  on  soft  fruits.  YUlv  (loriip  liesanez,  Ann.  <1.  ('hem.  v.  Pharm.,  Bd.  Ixi 
(1847),  p.  47. 

j  Ann.  d.  ('hem.  u.  I’hurm.,  Bd.  xl  (1841),  pj).  1-6.7. 

t  Scherer  gives  the  ash  as  amounting  to  9.8  ])er  cent,  but,  aecording  to  his 
own  figures,  it  is  as  above. 
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10.  Methods  of  isolating  and  purifying  the  Pigment. 

It  is  only  necessary  to  apply  chemical  reagents  in  the  proper  se¬ 
quence  in  order  to  dissolve  out  of  the  granules  the  pigment  contained 
in  them.  Thus,  if  the  granules  that  have  settled  out  from  the  alka¬ 
line  macerating  fluid  he  washed  free  of  alkali  by  decantation,  and 
then  digested  at  room  temperature  with  five  to  ten  per  cent  HCl  for 
ten  days,  the  acid  being  renewed  every  two  days,  and,  after  being 
washed  free  of  acid,  be  now  again  subjected  to  the  action  of  warm  dilute 
alkalies,  it  will  be  seen  that  the  alkaline  solution  becomes  at  once 
deeply  coloured.  After  some  hours  of  maceration  on  the  water  bath 
with  five-  to  ten-per-cent  solutions  of  })otassium  hydrate,  oidy  a  small 
residue,  consisting  largely  of  inorganic  matter,  is  left  undissolved,  and 
repeated  digestion  with  ten-per-cent  potassium  hydrate  reduces  this 
undissolved  residue  to  trifling  proportions. 

Instead  of  digesting  the  granules  with  hydrochloric  acid  at  room 
temperature,  the  same  result  may  be  obtained  by  boiling  them  with 
the  acid  for  four  hours.  This  method  was  used  by  us  only  once  for 
the  special  purpose  of  studying  the  effect  on  the  iron  content  of  the 
ash.  At  all  other  times  only  cold  five-per-cent  hydrochloric  acid  was 
used  that  we  might  run  no  risk  of  removing  iron  from  the  molecule 
of  the  pigment. 

The  black  alkaline  solution  of  the  pigment  is  now  diluted  with 
an  equal  volume  of  water  and  filtered;  it  remains  perfectly  clear  on 
standing,  a  minute  sediment  of  finely  divided  sulphide  of  nickel  being 
found  at  the  bottom  of  the  vessel.  In  our  early  work  we  precipitated 
the  pigment  out  of  its  first  alkaline  solution  by  means  of  a  large  excess 
of  a  mixture  of  six  volumes  of  alcohol  and  one  of  other.  After  allow¬ 
ing  the  precipitate  to  settle  for  some  days,  the  supernatant  fluid  was 
removed  with  the  siphon,  and  the  dark-lmtwn  precipitate  was  collected 
on  flat  filters,  washed  with  warm  alcohol,  to  which  a  little  acetic  acid 
had  been  added,  redissolved  with  the  help  of  a  trace  of  potassium 
hydrate  or  of  ammonia,  and  re])recipitated  with  alcohol  and  ether.  This 
process  was  repeated  seven  or  eight  times.  In  the  later  stages  am¬ 
monia  was  used  to  redissolve  the  pigment,  and,  after  the  solution  had 
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been  effected,  the  ammonia  was  driven  away  on  the  water  bath  before 
the  solution  was  filtered.  In  such  a  case  the  pigment  still  remains 
in  perfect  solution  after  the  removal  of  the  ammonia.  With  the 
gi’adua]  removal  of  the  potassium  used  to  effect  the  first  solution,  it 
became,  however,  increasingly  difficult  to  precipitate  the  pigment 
with  alcohol.  Finally,  it  remained  in  solution  in  a  fluid  containing 
not  far  from  ninety  per  cent  of  alcohol,  and,  in  order  to  precipitate  the 
pigment,  it  was  found  necessary  to  add  considerable  acetic  acid.  This 
fact  made  it  seem  probable  that  the  pigment  would  be  found  nearly 
pure,  but  incineration  showed  an  ash  content  as  high  as  12.4  per  cent. 
We  were  therefore  obliged  to  abandon  this  method  of  isolating  the 
pigment,  and  to  reserve  the  precipitation  with  alcohol  and  ether  for 
the  later  stages  of  the  process,  after  the  ash  content  had  been  reduced 
by  alternate  treatment  with  alkalies  and  acids.  Hirschfeld,*  toward 
the  close  of  his  valuable  paper  on  the  pigment  of  the  choroid  coat, 
regrets  that  he  did  not  sooner  observe  that  an  excess  of  alcohol  pre¬ 
cipitates  the  pigment,  as  he  miglit  have  used  this  method  to  isolate  it. 

Recently  we  have  proceeded  as  follows:  A  large  quantity  of 
cleansed  epidermis — say  100  grammes — is  macerated  in  a  number  of 
large  nickel  bowls  with  twenty  to  thirty  times  its  weight  of  a  five-per¬ 
cent  solution  of  potassium  hydrate.  After  the  maceration  has  con¬ 
tinued  for  six  hours,  the  black  fluid  is  poured  into  a  large  glass  jar, 
and  six  volumes  of  alcohol  are  added.  In  a  day  or  two  a  dense  black 
])recipitate  has  settled  out,  while  the  keratoses  and  alkali-albuminates 
derived  from  the  epidermis  remain  in  solution.  The  black  precipitate 
is  next  subjected  to  the  action  of  cold  dilute  hydrochloric  acid,  as 
already  described.  The  granules  are  then  dissolved  in  potassium 
hydrate  in  nickel  bowls  on  the  water  bath,  the  solution  is  diluted  with 
water  and  filtered,  and  the  pigment  is  precipitated  out  by  the  addi¬ 
tion  of  acetic  acid  in  excess.  After  the  pigment  has  settled  out,  the 
red,  supernatant  fluid  is  decanted,  and  the  pigment  is  collected  on 
fiat  filters  and  washed  free  of  acid.  For  this  purpose  water  is  at  first 
used,  but,  when  the  pigment  begins  to  dissolve  in  the  wash  water, 
absolute  alcohol  is  substituted.  The  pigment  is  now  again  dissolved 

*  ZcitKchr.  f.  phyxiol.  Chem.,  Bd.  xiii,  j).  420. 
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in  dilute  potassium  hydrate  (two  to  five  per  cent),  heated  in  the  water 
bath  for  some  hours,  and  again  filtered,  when  a  small  residue  of  in¬ 
soluble  flocks  will  be  found  on  the  filter;  it  is  then  again  precipitated 
with  an  excess  of  acetic  acid,  allowed  to  stand  as  before,  collected,  and 
washed.  It  is  now  dissolved  in  ammonia,  the  ammonia  driven  off  on 
the  water  bath,  the  solution  filtered,  and  the  pigment  precipitated 
out  with  alcohol  and  ether,  to  which  a  very  little  acetic  acid  has  been 
added.  This  process  is  repeated  until  it  is  found  that  the  ash  con¬ 
tent  has  been  reduced  to  one  or  two  per  cent.  After  this,  the  pig¬ 
ment  is  washed  with  hot  alcohol,  chloroform,  and  ether  until  these 
reagents  remove  nothing  further  from  it.  The  ash  content  is  thus 
reduced  to  a  low  figure,  varying  from  0.8  to  1.2  per  cent  in  the  in¬ 
stances  where  the  pigment  was  purest. 

11.  The  Pigmentary  Granules  and  the  Pigment  of  the 
Negro’s  Hair. 

While  the  study  of  the  pigment  of  the  negro’s  skin  has  been  the 
chief  purpose  of  our  investigation,  we  have  also  isolated  the  pig¬ 
mentary  granules  and  the  soluble  pigment  of  the  negro’s  hair.  From 
600  to  1,000  grammes  of  negro’s  hair,  cleansed  with  great  care  and 
treated  with  alcohol  and  ether  in  large  extractors,  were  macerated  in 
large  copper  kettles  over  a  free  flame  with  ten  times  their  weight  of  a 
five-per-cent  solution  of  potassium  hydrate,  care  being  taken  not  to 
allow  the  temperature  to  rise  above  95°  C.,  or  the  solution  of  potas¬ 
sium  hydrate  to  go  beyond  a  concentration  of  six  per  cent.  The  black, 
turbid  fluid  was  then  poured  into  glass  jars  containing  a  large  excess 
of  alcohol  or  a  large  quantity  of  dilute  hydrochloric  acid  of  such 
strength  that,  when  the  turbid  fluid  had  been  added,  the  whole  should 
have  a  plainly  acid  reaction.  If  alcohol  is  used,  the  black  precipitate 
is  flocculent;  if  hydrochloric  acid  is  used,  the  precipitate  falls  out  in 
large  lumps  that  have  a  sticky  feel,  because  of  an  admixture  with 
ah  alkali-albuminate  of  a  glue-like  character.  In  this  latter  mixture 
sulphuretted  hydrogen  is  also  given  off  in  large  quantities,  which  is 
not  the  case  when  the  turbid  alkaline  fluid  obtained  from  the  skin  is 
similarly  treated.  The  main  constituent  of  the  precipitate  in  both 
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cases  is  the  pigmentary  unit  of  the  hair,  a  large  black,  rod-like  particle, 
very  much  resembling  in  form  certain  bacteria.  Plate  XIV,  Fig.  G 
shows  these  rods  in  a  piece  of  crushed  hair,  which  had  been  macerated  in 
hot  potassium  hydrate  for  fifteen  minutes — a  length  of  time  found  suffi¬ 
cient  to  remove  the  scaly  covering  of  the  hair  and  soften  its  fibrous 
substance.  Fig.  7  represents  the  pigmentary  granules  of  the  hair  after 
treatment  in  a  closed  tube  with  alcohol  and  strong  ammonia,  and  subse¬ 
quent  staining  with  gentian  violet. 

In  order  to  isolate  the  pigment  of  these  granules,  the  black  pre¬ 
cipitate  thrown  out  by  alcohol  or  hydrochloric  acid  is  treated  in  the 
way  already  described  as  applicable  to  the  pigment  of  the  skin.  The 
pigment  finally  obtained  is  not  distinguishable  in  any  way  from  that 
obtained  from  the  epidermis.  As  with  the  epidermis,  so  also  with  the 
hair,  maceration  in  concentrated  hydrochloric  acid  in  a  closed  bottle 
entirely  dissolves  all  of  it  but  the  granules.  Twenty  cubic  centimetres 
of  hydrochloric  acid  thrown  on  a  few  curls  of  negro’s  hair  entirely 
disintegrate  them  in  the  course  of  a  week.  At  the  end  of  this  time 
the  supernatant  fluid  has  a  reddish-violet  colour,  while  a  black  pre¬ 
cipitate,  consisting  of  the  typical  granules,  has  settled  at  the  bottom. 
On  account  of  its  convenience,  we  propose  to  use  this  method  in  future 
work  on  the  pigment  of  the  skin  and  hair. 

To  our  great  surprise,  a  given  weight  of  hair  contains  a  smaller 
proportion  of  pigmentary  granules  than  does  a  like  weight  of  epi¬ 
dermis.  Thus,  10  grammes  of  negro’s  hair  yielded  only  0.1889 
gramme  of  granules,  or  1.9  per  cent,  as  compared  with  3.08  to  3.78 
per  cent  of  granules  contained  in  the  ei)idermis.  This  result  was 
afterward  abundantly  verified  in  the  isolation  of  ])igment  from  large 
amounts  of  hair. 

12.  ALKALr-ALUUMlNATES  AA’U  PeI'TONE-I.IKE  BoDIES  EORMEU  UV 
THE  Action  ok  Alkalies  on  the  Fpidekmis  and  IIaiu. 

When  the  alcoholic  fluid  which  is  decanted  from  the  granules  is 
freed  of  its  alcohol  by  distillation,  and  the  resulting  alkaline  fluid  is 
made  acid,  an  alkali-albuminate,  alnuidy  riderred  to  as  having  a  ro])y, 
sticky  character,  is  thrown  out.  When  the  macerating  alkaline  fluid 
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containing  either  hair  or  skin  granules  is  put  into  weak  hydrochloric 
acid,  in  order  to  precipitate  the  granules,  this  alkali-albuminate  at 
first  remains  in  solution,  although  the  fluid  has  an  acid  reaction,  and 
can  be  precipitated  by  the  addition  of  more  hydrochloric  acid  to  the 
fluid  filtered  off  from  the  granules.  Sieber  *  has  also  called  atten¬ 
tion  to  this  substance  in  her  paper  on  the  pigment  of  the  choroid  coat 
and  of  the  hair.  In  the  case  of  the  epidermis,  an  alkali-albuminate 
is  also  formed,  but  its  physical  properties  are  entirely  different.  It 
falls  out  as  a  powdery  sediment,  and  does  not  form  a  translucent  glue¬ 
like  mass  on  drying,  as  does  the  alkali-albuminate  from  the  hair. 
Both  of  the  alkali-albuminates,  when  collected  on  filters,  washed,  and 
dissolved  in  a  little  alkali,  now  fall  out  immediately  on  neutralization 
with  a  mineral  acid,  not  requiring  an  excess  of  acid,  as  they  do  when 
still  mixed  with  the  alkali  used  for  maceration  and  with  the  soluble 
products  of  the  epidermis  and  hair.  They  also  dissolve  readily  in  a 
little  hydrochloric  acid  of  twenty-five  per  cent,  and  are  completely 
precipitated  from  this  solution  by  the  addition  of  ammonium  sulphate 
or  sodium  cldoride. 

AVe  think  it  highly  probable  that  these  albuminates  are  derived, 
in  large  measure,  from  the  keratins  of  the  skin  and  hair  by  the  action 
on  them  of  the  potassium  hydrate;  for  Lindwall  f  has  shown  that 
when  the  keratin  obtainable  from  the  shell  membrane  of  the  hen’s 
egg  is  treated  with  sodium  hydrate,  an  alkali-albuminate  and  peptone¬ 
like  bodies  are  formed.  AVe  may  also  add  that  the  fluids  from  which 
the  alkali-albuminates  referred  to  have  been  separated,  all  promptly 
give  the  red  biun't  reaction  at  room  temperatiire,  and,  as  the  fluid  no 
longer  contains  a  native  proteid  or  an  alkali-  or  acid-albuminate,  it  is 
safe  to  conclude  that  we  have  in  solution  some  peptone-  or  albumose- 
like  body  in  addition  to  the  alkali-albuminate  referred  to. 

*  Arch.  f.  v.rp.  Path.  u.  Phaniiakol.,  Hd.  xx,  p.  304. 

t  TJoitriipfe  /.iir  Keiintniss  des  Keratins.  Keviewed  in  Jahresh.  d.  Thirr- 
Chcmir,  lid.  xi,  p.  38. 
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13.  Chemical  Pkoperties  of  the  Isolated  Pigments. 

The  isolated  pigment  of  the  negro’s  skin  presents  the  appearance 
of  a  dark-hrown  or  snuff-coloured  powder.  If  a  little  of  this  powder 
is  placed  upon  a  strip  of  blue  litmus  paper  and  moistened  with  a  drop 
of  water,  it  gives  a  markedly  acid  reaction.  If  it  be  heated  in  a  plati¬ 
num  crucible,  a  mixed  odour  of  burnt  horn  and  pyrrol  is  per¬ 
ceived  and  the  pine-sliver  reaction  for  pyrrol  is  obtained,  with  such 
promptness  and  intensity  that  we  must  assume  this  substance 
to  be  present  in  considerable  quantity  among  the  distillation 
products  of  the  pigment.  Toward  the  close  of  the  incineration  the 
odour  of  pyrrol  disappears,  and  an  overpowering  odour  of  hydrocyanic 
acid  is  given  off.  Freshly  precipitated  and  washed  free  of  potassium, 
the  powder  is  soluble  in  water  and  in  a  large  excess  of  alcohol  of  ninety 
per  cent.  Allowed  to  stand  over  sulphuric  acid  for  months,  or  dried 
to  constancy  of  weight  by  heating  at  120°  C.,  the  pigment  changes 
from  snuff-colour  to  a  dense  black,  its  particles  shining  like  anthracite 
coal.  It  loses  its  free  solubility  in  water,  alcohol,  and  dilute  alkalies, 
but  long-continued  digestion  on  the  water  bath  with  strong  alkalies 
again  dissolves  it. 

The  pigment  is  entirely  insoluble  in  the  usual  organic  solvents, 
as  ether,  chloroform,  amyl  alcohol,  acetone,  glycerin,  acetic  ether, 
xylol,  toluol,  carbon  disulphide,  phenol,  and  pyridine.  It  is  precipi¬ 
tated  from  its  aqueous  solutions  by  potassium  ferrocyanide,  copper 
sulphate,  ammoniacal  zinc  chloride,  silver  nitrate,  lead  acetate,  calcium 
acetate,  barium  hydrate,  and  calcium  hydrate.  The  addition  of  sodium 
chloride,  magnesium  or  ammonium  sulphate,  and  of  other  neutral  salts 
to  an  aqueous  solution  induces  a  complete  precipitation  of  the  pigment. 
Alkaline  solutions  examined  with  the  spectroscope  show  no  absorption 
bands. 

The  addition  of  an  acid  in  excess  to  the  alkaline  solutions  causes 
the  pigment  to  fall  out  at  once  as  a  lirownish-black  flocculent  precipi¬ 
tate.  Concentrated  hydrochloric  acid  does  not  dissolve  the  pigment, 
and  appears  to  have  no  damaging  effect  on  it,  even  long  boiling  with 
a  twenty-five-per-cent  solution  leaving  the  pigment  unchanged.  Con- 
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centrated  sulphuric  acid  only  slowly  dissolves  a  little  of  the  pigment, 
and,  when  the  solution  of  what  little  is  taken  up  is  dropped  into  ice 
water,  the  pigment  falls  out  apparently  unchanged. 

Concentrated  nitric  acid  easily  dissolves  the  pigment,  forming 
with  it  a  dense  black  solution,  from  which  it  may  be  precipitated  on 
dilution  with  water.  It  may  be  boiled  with  this  acid  or  repeatedly 
evaporated  with  it  without  loss  of  colour.  Glacial  acetic  acid  does  not 
dissolve  the  pigment. 

Very  dilute  solutions  of  the  pigment  lose  their  colour  when  acted 
upon  for  a  few  days  by  neutralized  hydrogen  peroxide,  and  dark- 
brown  flocks  settle  out.  Chlorine  passed  into  an  alkaline  solution  of 
the  pigment  immediately  deprives  it  of  its  colour.  When  the  pig¬ 
ment  is  repeatedly  evaporated  down  in  a  porcelain  bowl  wdth  nitro- 
hydrochloric  acid,  there  remains  a  reddish-yellow  resinous  mass,  in¬ 
soluble  in  alkalies,  water,  alcohol,  or  ether,  which  dissolves  readily 
in  amyl  alcohol.  On  evaporation,  a  reddish-brown  resinous  mass  is 
obtained,  the  nature  of  which  we  have  thus  far  been  unable  to  de¬ 
termine. 

The  beliaviour  of  the  pigment  toward  reagents,  as  described, 
makes  it  evident  that  it  is  a  very  resistant  substance.  This  view  is 
still  further  strengthened  by  the  following  experiments:  2.0  grammes 
of  hair  pigment,  with  an  ash  content  of  2.19  per  cent,  and  a  sulphur 
content  of  1.7  i)er  cent,  was  dissolved  in  500  cubic  centimetres  of  a 
five-per-cent  solution  of  potassium  hydrate,  and  kept  for  four  and  a 
half  hours  in  an  autoclave  at  a  temperature  of  185°  C.  At  the  end 
of  this  time  the  black  solution  was  filtered,  the  pigment  thrown  out 
with  acetic  acid,  collected,  washed,  and  dried.  On  examination,  it 
was  still  found  to  contain  much  sulphur.  It  was  therefore  again 
dissolved  in  500  cubic  centimetres  of  a  five-per-cent  solution  of  potas¬ 
sium  hydrate,  and  kept  for  throe  hours  at  a  temperature  of  200°  C. 
The  solution  not  having  changed  in  colour,  it  was  brought  up  to  a 
potassium  hydrate  content  of  thirty  per  cent,  and  was  again  kept  for 
two  hours  at  a  temperature  of  200°  C.  The  black  solution  was  then 
treated  in  the  usual  way  to  recover  the  pigment.  As  nearly  as  we 
could  judge,  fully  one  third  of  the  pigment  originally  put  into  the 
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autoclave  had  disappeared,  and  the  part  left  had  more  markedly 
acid  properties  than  before.  The  recovered  pigment  was  found  to 
have  a  somewhat  higher  sulphiir  content.  Thus,  0.3551  gramme 
gave  0.0496  gramme  of  barium  sulphate,  and  therefore  con¬ 
tained  1.9  per  cent,  of  sulphur.  Unfortunately,  part  of  the  solution 
from  which  the  sulphuric  acid  was  to  be  precipitated  was  spilled, 
and  there  has  been  no  opportunity  to  repeat  the  experiment,  so 
that  we  must  place  the  sulphur  content  somewhat  higher.  AVe 
judge  it  to  be  in  the  neighbourhood  of  2  per  cent.  We  con¬ 
clude  that  the  proteid  material  of  the  ground  substance  had  been 
decomposed  by  this  treatment,  for  the  odour  of  skatol  became  very 
apparent  when  steam  was  allowed  to  escape  from  the  autoclave.  The 
recovered  pigment  no  longer  emitted  the  odour  of  burnt  feathers 
on  being  incinerated,  but  the  presence  of  nitrogen  was  nevertheless 
conclusively  shown  by  Lassaigne’s  method.  The  pyrrol  reaction  could 
no  longer  be  obtained  from  the  vapours  emitted  on  dry  distillation. 
This  last  fact  is  of  importance.  The  presence  of  much  pyrrol  among 
the  products  of  dry  distillation  of  the  melanins  has  led  certain  chem¬ 
ists  to  suspect  that  these  substances  are  pyrrol  derivatives,  and  we 
ourselves  at  first  held  this  view.  In  two  trials  with  a  pigment  ob¬ 
tained  as  above,  and  in  a  third  trial  with  a  pigment  that  had  been 
heated  to  260°  C.  with  a  saturated  solution  of  barium  hydrate,  we 
failed  to  get  the  j)ine-sliver  reaction  for  pyrrol,  although  a  far  smaller 
amount  of  the  original  pigment  gave  the  reaction  unmistakably.  The 
vapours  given  oft'  on  burning  some  of  the  pigment  purified  in  the  man¬ 
ner  just  described  wdth  barium  hydrate  are  difticult  to  characterize;  but 
the  odour  of  burnt  feathers  and  of  ])yrrol  is  certainly  not  present. 

In  the  experiment  just  referred  to,  in  which  barium  hydrate  was 
used  to  free  the  pigment  from  the  ground  substance,  1  gramme  of  pig¬ 
ment  was  kept  at  260°  C.  with  a  saturated  solution  of  this  agent  for 
four  hours.  After  such  treatment,  this  specimen  of  pigment,  as  we 
have  already  noted,  failed  to  give  the  pyrrol  reaction;  and,  strange 
to  say,  it  was  almost  entirely  precipitated  from  its  solutions  in  nitric 
acid  on  the  addition  of  an  alkali,  even  when  this  solution  no  longer 
contained  any  barium. 
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W e  believe  that  the  last-named  method  furnishes  us  with  a  means 
of  entirely  removing  the  ground  substance  from  the  pigment,  and 
it  must  be  left  to  later  research  to  show  with  its  help  whether  the 
substance  thus  obtained  is  a  single  chemical  individual. 

The  substance  obtained  when  the  pigment  is  heated  under  pres¬ 
sure  with  potassium  hydrate  is  perhaps  closely  related  to  the  hippo- 
melaninic  acid  obtained  by  Berdez  and  .N^encki,*  by  fusing  with  potas¬ 
sium  hydrate  the  melanin  isolated  from  melanotic  tumours  of  the 
horse. 

It  will  be  seen  that  we  are  only  at  the  beginning  of  a  true  chem¬ 
ical  knowledge  of  the  melanins  of  the  skin  and  hair.  It  would  seem 
very  probable  that  the  melanins  thus  far  described  by  investigators 
were  all  more  or  less  contaminated  with  the  proteid  to  which  we 
have  referred.  But  it  is  certainly  a  great  advantage  to  see  our  way 
to  an  easy  removal  of  all  contaminating  substances,  and  we  propose, 
with  the  help  of  this  method,  to  continue  our  investigations  into  the 
chemical  nature  of  the  melanins  of  the  skin  and  hair. 

14.  Combustion  Analyses. 

Below  are  given  the  results  of  combustion  analyses  of  pigment 
from  the  skin  and  hair  prepared  in  various  ways.  We  are  fully  con¬ 
scious  of  the  fact  that  these  analyses  do  not  assist  us  in  establishing 
an  empirical  formula  for  our  pigment,  for  the  reason  that  the  true 
pigment  is  still  contaminated  with  the  proteid-like  substance  that 
constitutes  the  groundwork  of  the  pigmentary  granules.  Our  object 
in  making  them  was  to  learn  whether  different  methods  of  preparing 
the  pigment  and  prolonged  treatment  with  strong  alkalies  really  alter 
the  so-called  isolated  pigment,  when  neither  colour  nor  chemical  be¬ 
haviour  have  been  in  the  slightest  degree  affected.  Had  siiectrophoto- 
metric  methods  been  applied,  it  is  probable  that  they  would  have  sup¬ 
plemented  these  analyses  in  a  valuable  way,  or  even  have  rendered 
them  unnecessary. 


Arch.  f.  exit.  Path.  u.  Pharniukol.,  lid.  xx,  p.  359. 
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Pigment  of  the  epidermis,  prepared  by  repeated  precipitation  with 
alcohol  and  ether  and  a  little  acetic  acid  out  of  solutions  in  dilute  potas¬ 
sium  hydrate,  and  finally  out  of  solutions  in  ammonia,  from  which,  how¬ 
ever,  the  ammonia  had  been  expelled  before  precipitation  by  the  agents 
named.  The  special  feature  of  this  method  is  the  mild  treatment  with 
potassium  hydrate.  The  pigments  of  both  the  epidermis  and  hair  are 
excessively  hygroscopic,  so  that  all  weighings  must  he  performed  in  well- 
closed  capsules. 

0.2972  gramme  of  pigment  burned  in  oxygen  current  with  lead  chro¬ 
mate,  finely  powdered  lead  chromate  being  also  strewn  on  the  substance 
in  the  combustion  boat,  gave  0.5408  gramme  of  CO,  and  0.1000  gramnm 
of  HgO.  The  ash  content  of  this  specimen,  as  determined  by  previous 
analysis,  was  3.17  per  cent;  calculating  for  ash-free  substance,  v.e 
find  that  the  above  specimen  contained  51.83  per  cent  C  and  3.80  per 
cent  H. 

0.3G5G  gramme  of  substance  gave  by  fusion  with  KOH  and  KNO3, 
after  previous  oxidation  with  concentrated  nitric,  acid — the  analysis  being 
carried  out  in  detail  according  to  the  directions  of  Hammarsten  * — 
0.0928  gramme  of  BaSO^  =  3. GO  per  cent  S,  calculated  for  ash-free  sub¬ 
stance. 

0.20G5  gramme  of  substance  gave  by  the  method  of  Dumas  24.7  cubic 
centimetres  of  nitrogen  with  the  barometer  at  759.2  millimetres  and  the 
temperature  28.5°  C.  N  =  0.02802  gramme,  or,  calculated  for  ash-free 
substance,  14.01  per  cent. 

Hair  pigment  prepared  in  the  same  manner  as  skin  pigment,  except 
that  it  was  subjected  for  a  longer  time  to  treatment  with  potassium 
hydrate.  0.1922  gramme  gave  0.0073  gramme  ash  =  3.79  per  cent. 

0.2439  gramme  of  pigment  gave  0.453G  gramme  of  CO^  and  0.074G 
gramme  of  II2O,  or  C  =  52.74  per  cent  and  H  =  3.53  per  cent. 

0.8114  gramme  of  pigment  gave  0.1897  gramme  of  BaS04,  the  analy¬ 
sis  being  carried  out  as  already  described  for  the  sulphur  analysis  of  the 
skin  pigment.  Calculated  for  ash-free  substance,  S  =  3.34  per  cent. 

0.3953  gramme  of  substance  gave  by  the  method  of  Dumas  34.8  cubic 
centimetres  of  nitrogen,  Avith  the  barometer  at  7G0.2  millimetres  and 
the  temperature  2(i.5°  C.  N  —  0.03995  gramme;  correcting  for  ash,  we 
find  N  =  10.51  per  cent. 

The  percentage  coinposition  calculated  for  the  ash-free  pigment  is 
therefore  as  folloAvs: 

*  Zcitschr.  f.  physiol.  Chem.,  Bel.  ix,  p.  289. 
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Pigment  of  the  Epidermis.  Pigment  of  the  Hair. 

C=  61-83  C=  62-'74 

•  H  =  3-86  H  =  3-53 

N  =  14-01  N  =  10-51 

S  =  3-60  S  =  3-34 

0=  26-70  0=  29-88 

100-00  100-00 

It  will  he  seen  from  the  above  table  that  the  pigment  of  the  epi¬ 
dermis  differs  markedly  in  its  nitrogen  content  from  that  of  the  hair. 
This  difference  is  very  likely  due  to  the  more  prolonged  treatment 
with  potassium  hydrate.  We  have  found  that  the  method  of  prepara¬ 
tion  has  a  great  influence  on  the  percentage  composition  of  the  pig¬ 
ments,  and  it  seems  impossible  to  prepare  two  specimens  from  the 
same  original  material  so  that  they  will  give  the  same  analytical 
results.  Thus,  a  specimen  of  pigment  from  the  epidermis,  ana¬ 
lyzed  in  the  early  stages  of  purification  by  the  alcohol  method, 
had  the  following  composition:  C  =  52.17  per  cent.  H  =  4.1-1 
per  cent.  N  =  12.8  per  cent.  S  =  4.02  per  cent.  O  =  26.87  per 
cent. 

The  pigment  of  both  skin  and  hair  was  next  treated  on  the  water 
bath  with  a  very  strong  solution  of  the  potassium  hydrate,  and  the 
effect  noted. 

A  quantity  of  pigment  whose  ash  content  had  already  been  re¬ 
duced  to  a  low  figure  was  dissolved  in  a  ten-per-cent  solution  of  potas¬ 
sium  hydrate,  and  this  solution  was  reduced  in  a  nickel  bowl  on  the 
water  bath  to  fifty  or  sixty  per  cent  in  strength.  Water  was  then 
added  and  the  evaporation  repeated,  and  this  treatment  was  kept  up 
for  six  hours.  The  solution  was  then  diluted  and  filtered,  and  the 
pigment  precipitated  with  an  excess  of  acetic  acid,  after  which  it  was 
collected  on  flat  filters  and  washed  with  alcohol  until  all  traces  of 
potassium  and  acetic  acid  had  been  removed.  The  pigment  was  now 
taken  up  in  ammonia,  the  ammonia  expelled  on  the  water  bath,  and 
the  black  solution  filtered  and  precipitated  with  a  large  excess  of  alco¬ 
hol  and  ether  and  a  small  amount  of  acetic  acid.  It  was  then  collected 
on  flat  filters,  washed  free  of  acetic  acid  with  alcohol,  and  then  treated 
with  hot  alcohol,  chloroform,  and  ether.  Thus  prepared,  the  pigment 
of  the  epidermis  has  the  following  composition: 
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0.1333  gramme  of  pigment  from  the  epidermis  gave  0.0011  gramme 
of  ash,  consisting  of  minute  dark  specks  =  0.82  per  cent. 

0.1139  gramme  of  another  specimen  of  pigment  from  the  epidermis 
that  had  not  been  allowed  to  stand  so  long  while  in  a  state  of  solution  gave 
0.00142  gramme  of  ash,  consisting  of  minute  black  specks  =  1.24  per 
cent. 

0.1570  gramme  of  pigment  from  the  epidermis  gave  0.3044  gramme 
of  CO2  and  0.0723  gramme  of  H,0.  Correcting  for  an  ash  content  of  1.24 
per  cent,  we  have  C  =  53.56  per  cent  and  H  =  5.11  per  cent. 

0.2357  gramme  of  pigment  from  the  epidermis  gave  30.0  cubic  centi¬ 
metres  of  nitrogen,  with  the  barometer  at  767.4  millimetres  and  a  tempera¬ 
ture  of  18°  C.;  correcting  for  ash,  N  =  15.47  per  cent. 

0.4126  gramme  of  pigment  from  the  epidermis  gave  0.0750  gramme 
of  BaS04;  correcting  for  ash,  S  =  2.53  per  cent. 

0.4170  gramme  of  pigment  from  the  epidermis  gave  0.07006  gramme 
of  BaS04.  This  particular  analysis  was  made  with  a  specimen  contain¬ 
ing  2.34  per  cent  of  ash.  Correcting  for  ash,  we  have  S  =  2.3(5  per  cent. 

Pigment  of  hair  treated  with  strong  potassium  hydrate  as  previously 
described: 

0.2598  gramme  gave  0.0057  gramme  of  a  reddish  ash  =  2.19  per  cent. 

0.1665  gramme  gave  0.34075  gramme  of  CO2  and  0.0799  gramme  of 
ILO.  C  =  57.06  per  cent;  H  =  5.45  per  cent. 

0.1646  gramme  gave  by  the  method  of  Dumas  17.6  cubic  centimetres 
of  nitrogen  at  20°  C.,  with  the  barometer  at  758  millimetres.  N  =  12.87 
per  cent. 

0.7337  gramme  gave  0.0924  gramme  of  BaS()4.  S  =  1.77  per  cent. 

Placing  the  results  in  parallel  columns — 


Pigment  of  Epidermis. 
C=  63-66 
H  =  6-11 

N=  16-47 
8=  2-63:2-36 

0=  23-33 


Pigment  of  Hair. 
V=  67-06 
H  =  6-46 

N=  12-87 
S=  1-77 
0=  22-86 


100-00 


100-00 


Comparing  the  later  analyses — that  is,  after  the  prolonged  diges¬ 
tion  with  strong  potassium  hydrate — with  those  previously  ob¬ 
tained  with  the  help  of  less  destructive  methods,  we  see  that  the  sul¬ 
phur  content  has  been  considerably  lowered  for  both  pigments,  and 
the  carbon  hydrogen  and  nitrogen  content  raised. 

We  are  inclined  to  believe  that  this  change  in  the  sulphur  con- 
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tent  of  tlie  pigments  is  due  to  the  fact  that  the  contaminating  sub¬ 
stance  derived  from  the  pigmentary  granules  has  been  in  part  decom¬ 
posed  by  the  potassium  hydrate.  The  fact  that  it  is  impossible 
to  isolate'  two  specimens  of  the  pigments  so  that  their  percentage 
composition  does  not  vary  with  even  slight  differences  in  the  method 
of  preparation,  also  points  to  the  conclusion  that  we  are  not  yet  deal¬ 
ing  with  a  single  chemical  individual,  that  our  so-called  isolated  pig¬ 
ment  is  a  mixture  of  at  least  two  substances,  one  of  which  is  responsi¬ 
ble  for  this  variability.  It  seems  very  improbable  that  this  variability 
can  be  referred  to  the  pigmentary  compound,  for  this  retains  its  col¬ 
our  and  its  general  chemical  character,  however  severe  the  treatment 
to  which  it  is  subjected. 

15.  The  Iron  Content  of  the  Isolated  Pigments. 

The  pigmentary  granule,  as  we  have  seen,  contains  much  iron, 
but,  as  the  pigment  isolated  from  these  granules  is  purified,  we  find 
that  the  iron  content  steadily  diminishes  until  but  the  merest  trace 
remains,  only  to  be  accurately  estimated  by  the  spectrophotometric 
method.*  We  must  therefore  conclude  that  iron  is  not  present  as 
a  constituent  part  of  the  molecule  of  the  pigment;  that  it  does  not 
enter  into  its  chemical  structure,  as  does  the  iron  of  hiematin,  for 
example,  but  is  present  only  as  an  impurity. 

The  present  diversity  of  opinion  as  to  the  origin  and  iron  content 
of  the  melanins,  of  wliicli  our  pigment  is  one,  is,  we  must  believe, 
owing  to  the  fact  that  a  clear  distinction  has  not  always  been  made 
between  the  comjilex  pigmentary  granule  and  the  pigment  itself. 
The  former  contains  iron;  the  latter  does  not. 

In  suiiport  of  our  view  as  to  the  low  iron  content  of  the  pigmen¬ 
tary  substance,  we  present,  first,  analyses  of  pigment  with  a  relatively 
high  ash  content,  and  then  analyses  showing  the  ash  content  reduced 
to  a  low  limit. 

Thus,  a  specimen  of  pigment  prepared  by  precipitating  its  first 
solution  in  potassium  hydrate  with  strong  acetic  acid,  and  then  wash- 


Cf.  Mcinier,  Zcitschr.  f.  physiol.  Clicm.,  Bd.  xi,  p.  87. 
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ing  the  collected  pigment  thoroughly  with  this  acid,  had  an  ash  con¬ 
tent  of  3.3  per  cent  and  an  iron  content  of  0.14  per  cent,  estimated 
by  titration  with  a  weak  solution  of  potassium  permanganate.  We 
always  found  this  high  percentage  of  iron  when  the  pigment  had  not 
been  repeatedly  dissolved  and  precipitated. 

Another  specimen  which  had  been  prepared  by  the  method  of 
frequently  repeated  precipitation  with  alcohol  gave  the  following 
results:  0.3863  gramme  yielded  0.0134  gramme  of  ash,  or  3.46  per 
cent.  The  amount  of  this  ash  taken  up  by  dilute  hydrochloric  acid, 
after  first  rendering  the  silicic  acid  insoluble,  Avas  0.0079  gramme. 
The  amount  of  iron  in  this  solution,  estimated  by  the  gravimetric 
method  of  Ludwig  and  Gottlieb,*  was  found  to  be  0.000385  gramme 
(0.00055  Te203  obtained).  The  iron  content  of  the  pigment  in  this 
case  was  therefore  0.099  per  cent.  The  residue  of  the  ash  insoluble 
in  dilute  hydrochloric  acid  consisted  for  the  most  part  of  silicon  di¬ 
oxide,  and  weighed  0.0055  gramme.  In  this  instance  Ave  see  that 
the  iron  has  been  much  reduced,  although  the  ash  i-emains  high,  on 
account  of  the  alcohol  method  being  used. 

A  still  lower  iron  content  is  found  in  specimens  of  pigment  that 
have  been  prepared  by  the  method  of  prolonged  treatment  Avith  potas¬ 
sium  hydrate,  as  already  explained. 

I.  Thus’ 0.2253  gramme  yielded  0.00529  gramme  of  a  black,  powdery 
ash.  Of  this  ash  0.00359  gramme  passed  into  very  dilute  hydrochloric 
acid,  after  having  first  rendered  the  silicic  acid  insoluble.  The  iron  of 
this  amount  was  found  by  titration  with  a  Aveak  solution  of  perman¬ 
ganate  to  be  0.00017  gramme,  and  constituted  therefore  only  0.076  per 
cent  of  the  pigment.  The  part  of  the  ash  insoluble  in  dilute  HCl  con¬ 
sisted  of  silicon  dioxide  and  aluminium  oxide. 

II.  Pigment  =  0.1333  gramme,  ash  obtained  =  0.0011  gramme,  or 
0.82  per  cent,  and  containing  0.00003  gramme  of  iron,  as  estimated  by 
colour  titration  Avith  KCNS.  This  specimen  of  pigment  therefore  con¬ 
tained  only  0.02  per  cent  of  iron. 

III.  Pigment  =  0.1139  gramme;  ash  obtained  =  0.00142  gramme, 
or  1.2  per  cent,  and  consisting  of  minute  black  specks  Avith  a  fused  ap¬ 
pearance.  The  iron  of  this  ash,  as  determined  by  titration  Avith  a  weak 
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solution  of  permanganate,  amounted  to  0.00016  gramme,  or  0.14  per 
cent  of  the  amount  of  pigment  taken. 

The  ash  of  the  hair  pigment  was  also  analyzed  as  above  described, 
and  with  similar  results.  When  purified  until  a  low  ash  content  was 
obtained — say  2.19  per  cent — the  iron  was  also  found  to  amount  to  far 
less  than  0.1  per  cent.  Thus,  0.4492  gramme  of  substance  gave  0.0078 
gramme  of  ash,  the  iron  of  which,  as  determined  by  titration  with  weak 
permanganate,  amounted  to  0.00026  gramme,  or  0.067  per  cent. 

The  iron  determinations  recorded  in  this  paper,  both  of  the  gran¬ 
ules  and  of  the  pigment,  were  made  in  three  ways,  and  we  have  usu¬ 
ally  indicated  in  each  case  which  method  was  employed.  When  only 
a  mere  trace  of  iron  was  thought  to  be  present,  the  method  of  analysis 
was  by  colour  titrations  with  potassium  sulphocy ankle ;  the  second 
method,  the  one  most  frequently  employed,  was  by  titration  with  a 
solution  of  potassium  permanganate,  each  cubic  centimetre  of  which 
was  capable  of  oxidizing  0.00043  gramme  of  iron;  the  third  was  by 
the  gravimetric  method  of  Ludwig  and  Gottlieb,  which  has  been  found 
trustworthy  ixp  to  the  limit  of  half  a  milligramme  of  iron,  when 
only  small  filters  and  small  quantities  of  reagents  are  used.  Thus,  one 
of  us  (Abel)  recovered  by  this  method  half  a  milligramme  of  iron 
from  a  few  cubic  centimetres  of  a  solution  containing  precisely  that 
amount  of  iron  which  had  been  standardized  by  Dr.  T.  B.  Aldrich. 
]\Iiss  Katharine  Porter  also  recovered  by  this  method  0.00239  gramme 
of  FeaOs  out  of  0.00244  gramme  taken.  The  Fe203  was  prepared 
from  pure  ferric  chloride. 

16.  The  Origin  of  the  Pigmentary  Substance. 

When  a  pigment  is  found  to  contain  iron,  this  fact  has  been 
thought  to  furnish  some  evidence  that  it  is  a  derivative  of  hiemo- 
globin;  but  if  no  iron  is  present,  it  may  still  claim  that  source,  for 
the  animal  organism  contains  a  number  of  pigmentary  substances, 
such  as  hiematoidin  and  bilirubin,  that  have  no  iron  in  their  com¬ 
position,  and  which,  nevertheless,  are  derived  from  luemoglobin.  This 
class  of  iron-free  pigments,  it  will  be  remembered,  lack  the  element 
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The  coloured  substances  of  the  epidermis  and  hair  agree  with  this 
class  in  containing  no  iron,  hut  they  differ  in  that  they  contain  a  con¬ 
siderable  amount  of  sulphur,  which  we  must  consider  to  be  present  as  a 
constituent  part  of  their  molecule.  We  are  not  at  present  acquainted 
with  any  coloured  natural  derivative  of  hmmoglohin  that  contains 
sulphur,  nor  do  we  know  of  any  such  produced  by  chemical  means. 
The  proteid  moiety  of  hsemoglohin  contains  but  little  more  than  a 
half  per  cent  of  sulphur,  while  our  pigment  contains  at  least  three 
times  this  amount. 

The  presence  of  sulphur  in  the  pigment  makes  it  certain  that  it 
is  derived  from  a  proteid,  and  we  can  as  easily  suppose  some  proteid 
of  the  blood  to  he  the  direct  precursor  of  the  pigment  as  that  hsemo- 
glohin  should  be  decomposed  in  order  that  its  proteid  moiety  may 
serve  this  purpose.  We  shoiTld  have  an  equal  right  to  assert  that 
keratin  is  derived  from  haemoglobin. 

17.  Total  Amount  of  Pigment  and  of  Pigmentary  Granules 
IN  THE  Skin  of  One  Negro. 

The  entire  skin,  with  the  exception  of  that  on  the  palms  of  the 
hands  and  soles  of  the  feet,  was  removed  from  the  cadaver  of  a  tall, 
slender  negro,  and  from  this  skin  the  epidermis  was  removed  with 
the  exception  of  a  few  small  areas.  After  being  cleansed  with  water, 
alcohol,  and  ether,  the  epidermis  thus  obtained  was  found  to  weigh 
34.08  grammes.  Making  a  liberal  allowance  for  the  thicker  epidennis 
left  on  the  feet  and  hands,  and  the  small  areas  not  removed  from  the 
knees  and  elbows,  we  may  assume  that  the  entire  removable  epidermis 
of  the  negro  in  question,  when  freed  of  hairs,  fatty  substances,  watci’, 
etc.,  would  have  weighed  40  grammes.  9.9306  grammes  of  this  epi¬ 
dermis  yielded  0.2182  gramme  of  pigment,  the  pigment  being  gath¬ 
ered  and  weighed  immediately  after  its  tirst  precipitation.  Calcu¬ 
lated  on  this  basis,  we  find  that  the  epidermis  of  this  cadaver  must 
have  contained  at  least  0.8789  gramme  of  pigment.  The  individual 
in  question  was  judged  to  he  a  full-blooded  negro,  hut  his  colour  was 
of  the  bronzed  order  rather  than  deep  black.  The  epidermis  was  also 
thinner  than  usually  seen,  and  the  case  may  therefore  be  assumed  to 
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contain  somewhat  less  than  the  average  amount  of  pigment.  We 
therefore  assume  the  average  amount  of  the  pigmentary  substance, 
as  at  present  isolated,  to  be  in  the  neighbourhood  of  1  gramme  for 
an  adult  negro  of  average  body  surface.  If  we  assume,  also,  that  the 
pigmentary  granules  as  lodged  in  the  living  cell  contain  sixty-five  per 
cent  of  water  and  about  five  per  cent  of  mineral  constituents,  there 
would  be  found  in  the  skin  of  the  average  negro  about  3.3  grammes 
of  pigmentary  granules. 

18.  Function  of  the  Epiderhae  Pigment. 

While  we  ourselves  have  done  no  work  on  the  function  of  the 
pigment,  the  subject  is  one  of  such  interest  that  Ave  must  be  allowed 
a  brief  account  of  the  investigations  of  others. 

Horn  *  exposed  his  own  hand  alongside  of  that  of  a  negro  to  the 
direct  rays  of  the  sun,  Avith  the  result  that  his  OAvn  hand  became  in¬ 
flamed,  Avhile  that  of  the  negro  remained  unaffected,  thus  shoAving 
hoAv  great  a  protection  is  afforded  by  the  pigment  of  the  negro’s  skin. 
C.  Eijkmann,j-  of  BataAua,  has  recently  published  a  most  interesting 
experimental  research  on  the  regulation  of  body  temperature  among 
Avhites  and  Malays  in  Batavia.  The  relatiA^e  ability  of  the  tAvo  kinds 
of  skin  to  radiate  and  conduct  heat,  and  the  extent  to  Avhich  SAveating 
takes  place  in  the  tAvo  races,  Avere  carefully  studied.  By  the  folloAV- 
ing  experiment  the  tAvo  kinds  of  skin  Avere  also  compared  as  to  their 
ability  to  absorb  sunlight,  in  Avhich  respect  they  Avere  found  to  differ 
markedly.  Tavo  thermometers  exactly  alike  Avere  treated  as  folloAvs: 
The  bulb  of  one  Avas  covered,  first,  Avith  a  piece  of  skin  from  a  ]\[alay, 
and  outside  this  Avith  a  piece  of  skin  from  a  Avhite  man.  On  the  second 
thermometer  the  order  of  the  skin  Avrappings  Avas  reversed,  the  AAdiite 
skin  being  put  next  the  bull)  and  the  broAvn  skin  outside.  After  a 
period  of  exposure  in  a  moist  chamber  to  the  direct  rays  of  the  sun, 

*  Cited  from  Eoubiiotf,  Ueber  das  Permeabilitiitsverlialtniss  der  Kleidiiiif>'.s- 
stoffe  ziim  ohemiscli  ■\virkeiiden  Soimeiistrabl.  Arch.  f.  Tlytj.,  T5d.  x,  j).  363. 
This  investigator’s  name  is  given  as  Horn  by  Eijkmann  in  Virchow’s  Archil', 
Bd.  cxl,  p.  157. 

t  Virchow’s  Archir,  Bd.  cxl,  p.  125. 
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the  first  thermometer  registered  47.5°  C.,  the  second  50.1°  C.  Eijk- 
mann  also  says  that  the  brown  skin  felt  distinctly  wamier  to  the  hand 
than  the  white  skin.  Now  Widmark  *  has  shown  that  the  ultra-violet 
rays  of  the  spectrum  are  far  more  effective  in  causing  that  superficial 
inflammation  known  as  sunburn  (erythema  solare)  than  are  the  rays 
of  less  rapid  undulation.  Indeed,  sunburn  and  that  more  marked 
inflammation  resulting  from  exposure  to  a  very  powerful  electric  arc 
light  are  both  caused  to  so  preponderating  an  extent  by  the  ultra¬ 
violet  rays  that  heat,  the  degree  of  illumination,  and  other  factors  that 
have  hitherto  been  regarded  as  causative  agents,  may  be  entirely 
neglected. 

Hammer  f  has  furnished  corroborative  experiments  by  covering 
the  skin  with  ointments  and  lotions  containing  sulphate  of  quinine, 
which  has  the  power  of  changing  violet  rays  and  ultra-violet  rays  to 
less  refrangible  ones,  and  has  thus  succeeded  in  greatly  lessening  the 
inflammatory  action  of  sunlight  and  of  the  arc  lamp.  Bouchard  is 
also  cited  by  Paul  Bert  :j;  as  having  demonstrated  that  violet  rays  are 
more  effective  in  raising  a  blister  than  rays  of  less  refrangibility. 
Hammer  has  also  abstracted  from  the  literature  of  dermatology  a 
number  of  interesting  cases  of  great  sensitiveness  of  the  skin  to  light, 
and  in  all  of  these  cases  it  was  shown  that  the  chemically  active  rays 
alone  were  responsible  for  the  inflamed  condition  of  the  skin. 

It  is  a  matter  of  common  observation  that  the  photograph  of  a 
negro  is  indistinct  and  unsatisfactory  compared  with  that  of  a  white 
man,  the  light  reflected  from  the  black  skin  having  been  largely  de- 
jirived  of  its  actinic  quality.  Boubnoff’s  experiment  with  frog’s  skin 
placed  over  sensitive  plates  has  also  shown  how  effective  are  thor¬ 
oughly  pigmented  areas  in  absorbing  the  chemically  active  rays  of 
light.  It  may  therefore  be  assumed  that  it  is  one  function  of  the 
pigment  to  absorb  the  chemical  energy  of  the  sun’s  rays,  and,  although 
the  pigmentary  layer  of  the  skin  would  thereby  tend  to  take  on  a  higher 

*  Cited  at  length  in  ITanimer.  Ueher  d.  Einflnss  des  Lichtes  auf  d.  ITant. 

t  Op.  cit.,  pp.  33-41. 

Stuttgart,  1891,  pp.  29-33. 

$  Rev.  scicntifique,  1878,  No.  42,  p.  987. 

*  Loc.  cit.,  p.  362. 
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temperature,  yet  tlie  inflammation  of  the  more  sensitive  vascular  corium 
underneath  is  in  reality  prevented. 

19.  Conclusions. 

The  pigmentary  granules  of  the  negro’s  skin  and  hair  can  be 
freed  in  several  ways  from  the  cells  in  which  they  are  lodged  and 
collected  in  any  desired  amount. 

As  thus  obtained,  these  granules  are  found  to  be  insoluble  in  dilute 
alkalies,  dilute  hydrochloric  acid  (hot  or  cold),  alcohol,  or  other  organic 
solvents  when  applied  in  the  order  named.  If,  after  they  have  been 
subjected  to  the  action  of  dilute  hydrochloric  acid,  they  are  again 
treated  with  dilute  alkalies,  they  are  found  to  give  up  their  pigment, 
and,  on  the  continued  application  of  heat,  the  granules  dissolve  en¬ 
tirely  in  the  alkaline  solution,  leaving  only  an  insigniflcant  residue. 

The  pigmentary  granules  arc  composed  of  a  colourless  ground 
substance  or  substratum,  a  pigment,  and  much  inorganic  matter. 
Their  inorganic  constituents,  as  thus  far  determined,  are  calcium, 
magnesium,  iron,  and  silicic,  phosphoric,  and  sulphuric  acids;  and 
these  constituents  possibly  play  an  important  part  in  the  deposition 
and  flxation  of  the  colouring  matter  in  the  granules. 

Tlie  pigment  isolated  from  the  granules,  and  sufficiently  freed 
from  adherent  inorganic  matter,  contains  only  the  merest  trace  of 
iron — so  little,  in  fact,  that  we  must  think  of  it  when  entirely  pure  as 
free  of  iron.  Heating  the  isolated  pigment  with  barium  hydrate  at 
a  temperature  of  200°  C.  entirely  frees  it  from  the  closely  adherent 
ground  substance,  and  it  is  then  found  that  the  vapours  of  pyrrol  are 
no  longer  emitted  when  it  is  subjected  to  dry  distillation,  and  the 
odour  of  burnt  feathers  is  no  longer  discerned,  although  nitrogen 
is  still  present. 

We  can  not  conclude  as  the  result  of  our  work  that  the  pigment 
is  a  derivative  of  ha3moglobin;  it  seems  to  us  more  probable  that  it 
is  ultimately  derived  from  the  proteids  of  the  parenchymatous  juices. 

The  total  quantity  of  soluble  pigment  in  the  skin  of  a  negro  of  aver¬ 
age  size  is  found  to  weigh  about  1  gramme;  the  weight  of  the  pigmen¬ 
tary  granules  is  about  3.3  grammes,  if  we  are  right  in  our  assumption 
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that  they  contain  sixty-five  per  cent  of  water  and  five  per  cent  of  min¬ 
eral  constituents  in  their  natural  state  in  the  epidermis. 

The  pigments  of  the  epidermis  and  hair  of  the  negro  are  very 
likely  identical.  In  the  present  state  of  our  knowledge  we  can  only 
say  that  it  seems  highly  probable  that  the  pigment  of  the  negro’s  hair 
is  not  different  from  the  dark  pigment  found  in  the  hair  of  the  white 
races,  and  we  may  infer  that  the  pigment  of  the  black  skin  differs  only 
in  amount  and  not  in  kind  from  that  deposited  in  the  skin  of  the 
white  man. 

Desckiptiox  of  Plate  XIV. 

Fig-.  1. — A  sing-le  cell  from  the  lowest  stratum  of  the  rete  mucosum,  show¬ 
ing-  the  pigmentary  granules. 

Fig.  2. — ^The  eijidermis  after  maceration  for  two  hours  and  a  half  with  a 
five-per-cent  solution  of  potassium  hydrate. 

Fig.  3. — Tile  same  after  maceration  for  six  hours.  The  pigmentary 
granules  here  seen  have  been  sjiread  out  in  a  thin  layer  by  slight  pressure 
on  the  cover  glass. 

Fig.  4. — The  dried  pigmentary  granules  in  the  form  of  the  snuff-coloured 
powder  described  in  the  text,  mounted  in  water. 

Fig.  5. — The  pigmentary  granules  of  the  epidermis  stained  with  Ehrlich’s 
gentian-violet  solution  after  having  been  boiled  in  a  sealed  tube  with  a  mix¬ 
ture  of  concentrated  ammonia  and  alcohol. 

Fig.  6. — A  piece  of  hair  macerated  for  fifteen  minutes  in  five-per-cent 
potassium  hydrate  and  then  crushed  and  mounted.  It  shows  the  large 
ovoidal  pigmentary  granules. 

Fig.  7. — The  isolated  pigmentary  granules  of  the  hair  stained  with  Ehr¬ 
lich’s  gentian-violet  solution,  after  having  been  partially  decolourized  by 
means  of  concentrated  ammonia  and  alcohol. 
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H.EMOEEHAGIC  CYSTS  OF  THE  THYEOID 
GLAYD. 


By  W.  I.  BRADLEY,  B.  A.,  M.  D.,  M.  E.  C.  S. 

(From  the  Pathological  Lahoratory  of  the  Royal  Victoria  Hospital,  and  the 
Molson  Pathological  Laboratory,  McGill  University,  Montreal.) 

Plate  XV. 

It  is  generally  tanglit  that  the  most  frequent  form  of  enlargement 
of  the  thyroid  gland  is  the  parenchymatous  goitre,  or  bronchocele, 
a  form  in  which,  by  the  overprodiiction  or  retention  of  colloid  mate¬ 
rial  within  the  vesicles  in  general,  there  is  brought  about  a  very 
considerable  increase  in  the  size  of  one  lobe  or  in  that  of  the 
whole  organ.  There  is,  however,  another  form  of  cystic  enlargement, 
not  generalized,  but  localized,  in  which  the  enlargement  is  due  not 
to  multiple  retention  cysts,  but  to  the  development  of  large  isolated, 
cystic  swellings,  either  solitary  or  not  exceeding  three  or  four  in  num¬ 
ber.  The  size  of  these  cysts  greatly  exceeds  that  of  the  individual 
distended  follicles  in  the  most  extreme  cases  of  parenchymatous  goitre, 
and  the  walls  as  well  as  the  contents  are  of  a  wholly  different  nature. 

Judging  from  the  material  which  I  have  had  the  opportunity  of 
studying,  tins  in  Canada  constitutes  quite  the  most  frequent  form  of 
unilateral  and  considerable  enlargement  of  the  thyroid  presenting 
itself  for  operation.  Out  of  eighteen  eases  of  bronchocele  operated 
upon  by  Dr.  Shepherd  at  the  General  Hospital  in  Montreal,  the  mate¬ 
rial  from  eight  of  which  came  into  my  hands,  no  less  than  nine,  if 
not  ten,  were  of  this  natiire,*  a  proportion  much  larger  than  I  had 
been  prepared  to  encounter.  A  study  of  the  literature  bearing  upon 
the  morbid  histology  of  the  gland  has  convinced  me  that,  relatively, 
very  little  attention  has  been  paid  to  the  nature  and  characters  of  these 

*  Of  these  eighteen,  one  was  a  case  of  generalised  parenchymatous  goitre, 
four  were  definitely  “  colloid  cysts  ”  (adenomatous  uodules  with  reteutiou), 
niue  were  definitely  of  the  tj’pe  here  described,  the  remaining  four  being  of 
doiibtfnl  nature. 
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large  cysts;  and,  tliougli  it  may  be  true  that  elsewhere  they  do  not 
form  so  large  a  percentage  of  the  cases  of  goitre  operated  upon  as  they 
do  here  in  Dr.  Shepherd’s  practice,  nevertheless  since  surgical  litera¬ 
ture  shows  that  they  are  very  common,  and  now  that  operative  inter¬ 
ference  with  the  thyroid  is  becoming  increasingly  frequent  and  in¬ 
creasingly  successful,  it  may  be  opportune  to  draw  more  attention  to 
their  structure  and  characters  than  has  hitherto  been  accorded  to 
them. 

Dr.  Shepherd  has  described  the  surgical  features  of  his  cases  in 
detail  in  the  Annals  of  Surgery  A  It  will,  therefore,  be  only  neces¬ 
sary  to  append  here  a  table  of  the  cases,  giving  a  brief  epitome  of  the 
main  points  in  connection  with  each. 


Case. 

Name. 

Age. 

Size,  position,  and  contents  of  tumour. 

Duration. 

I. 

Mrs.  S. 

56 

Two  cysts  in  the  right  lobe — one  the 
size  of  a  Tangierine  orange,  the 
other  that  of  a  walnut.  Contents : 
a  thick,  reddish-brown  material. 

Ten  years  ago,  when  crossing  the 
Atlantic,  she  was  violently  sea¬ 
sick.  Lump  on  right  side  of 
neck  was  noticed  shortly  after¬ 
ward.  This  continued  to  grow 
steadily,  and  had  increased  in 
size  considerably  during  the  last 
thirteen  months. 

II. 

Mrs.  G. 

25 

Two  cysts  in  right  lobe,  the  larger 
more  superficial.  Contents :  a 
thick,  greenish-brown  fluid. 

Noticed  for  six  years.  Growth  at 
first  small,  slowly  increased 
until  a  year  before  operation  ; 
then  grew  rapidly,  the  position 
becoming  somewhat  altered. 

III. 

Miss  L. 

■ 

23 

Solitary  cyst  the  size  of  a  lemon 
in  the  right  lobe.  Contents : 
grumous,  containing  cholesterine 
crystals ;  extensive  papillomatous 
projections  into  cyst. 

Present  for  three  years ;  very 
slow  enlargement  until  a  year 
before  operation,  when  there 
was  a  sudden  increase  in  size. 

IV. 

Miss  C. 

21 

Solitary  cyst  the  size  of  a  hen’s  egg 
in  the  left  lobe.  Contents:  dark, 
yellowish- brown  fluid  with  clots 
of  blood. 

Gradual  enlargement  noticed  for 
a  year ;  then  sudden  increase 
in  size  three  months  before  op¬ 
eration. 

V. 

Mrs.  J. 

30 

Solitary  cyst  the  size  of  a  small 
orange  in  the  left  lobe.  Contents  ; 
straw-coloured  fluid. 

Noticed  for  twelve  years. 

VI. 

Miss  McL.-f 

19 

Single  enormous  cyst  the  size  of  a 
turnip  in  the  left  lobe.  Contents 
dark  brown,  thickish  fluid. 

Present  for  six  years  ;  more  rapid 
enlargement  a  few  months  be¬ 
fore  operation. 

VII. 

Miss  McP.f 

.  19 

Large  solitary  cyst  the  size  of  a 
grape-fruit  in  the  right  lobe,  ex- 
1  tending  beneath  the  sternum. 
1  Contents:  dark-yellow  fluid. 

Two  years ;  had  enlarged  rajiidly 
during  tlie  six  months  jirececl- 
ing  o])eration. 

*  F.  .1.  Shepherd,  Anmth  of  Suiyeri/,  Septemher,  18i)5. 

t  Cases  VI  and  VII  were  operated  upon  shortly  after  Dr.  Sliepherd’s  artiele  in  the 
Atinals  of  Surt/ery  had  gone  to  press,  and  consequently  are  not  referred  to  in  that  artiele. 
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Before  speaking  generally  upon  the  subject  of  these  cysts,  it  will 
be  advisable  to  record  briefly  the  results  of  the  microscopical  examina¬ 
tion  in  each  case: 

Case  I. — In  this  there  were  two  cysts  in  the  right  lobe,  whose  con¬ 
tents  were  reported  by  Dr.  Shepherd  to  be  of  the  nature  of  a  reddish- 
brown  fluid.  The  cyst  wall  did  not  come  into  my  possession,  the  mate¬ 
rial  supplied  to  me  being  an  ingrowth  into  the  cyst.  It  presented  the 
characters  of  somewhat  modified  glandular  tissue;  the  average  diameter 
of  the  vesicles  appeared  to  be  15  the  largest  measuring  60  /x. 

Owing  to  the  great  variation  in  the  size  of  the  follicles,  it  is  only 
possible  to  give  a  rough  approximate  statement  of  the  average  size  of 
the  vesicles.  Although  these  figures  have  been  reached  by  estimating 
the  diameters  of  fifty  or  more  neighbouring  follicles,  it  is  not  pretended 
that  they  represent  more  than  a  general  approximation  to  the  average 
size. 

The  majority  of  the  collections  of  gland  cells  had  no  lumen,  and  were 
simply  clumps  of  nucleated  cells.  Some  of  the  vesicles  contained  a  dense 
colloid  material,  deeply  stained  as  though  by  blood  pigment,  and  here 
and  there  the  colloid  masses  showed  a  definite  concentric  appearance. 
In  some,  in  the  middle  of  the  colloid,  it  was  possible  to  recognise  one  or 
more  clear  transparent  crystals,  varying  in  shape  from  a  square  to  an 
oblong,  and  in  longitudinal  diameter  from  10  jx  to  55  /a  (Plate  XV, 
Fig.  1).  As  to  the  exact  nature  of  these  crystals,  I  am  not  in  a  position 
to  make  any  statement;  they  were  unaffected  by  all  the  ordinary  media 
employed  in  hardening  and  fixation,  such  as  alcohol,  ^Muller’s  fluid,  and 
the  essential  oils.  It  must  be  added  that  the  crystals  were  only  present 
where  there  was  surrounding  interstitial  luemorrhage,  with  a  degenerated 
condition  of  the  epithelium. 

Corresponding  with  the  irregularity  in  the  size  and  contents  of  the 
vesicles,  their  epithelium  showed  great  variation  in  depth.  There  was 
periarteritis  and  also  extravesicular  (interstitial)  haemorrhages;  the  capil¬ 
laries  were  dilated,  and  the  vesicles  widely  separated.  This  presence  of 
dilated  capillaries  and  of  haemorrhages  is  worthy  of  note  in  connection 
with  the  reddish-brown  character  of  the  fluid  contained  in  the  cyst. 

The  above  case  is  unsatisfactory  to  this  extent,  that  the  relation¬ 
ship  of  this  intracystic  growth  to  the  cyst  wall  could  not  be  made  out. 
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and  because  tiie  absence  of  tlie  cyst  wall  prevented  a  fuller  study  of 
tbe  case.  In  tlie  remaining  cases  the  material  sent  fortunately  in¬ 
cluded  tlie  cyst  walls,  and  thus  gave  a  far  more  satisfactory  insight 
into  tlie  nature  of  tlie  cysts  themselves. 

Case  II. — (Two  cysts  of  the  right  lobe,  the  second  removed  through 
tlie  posterior  wall  of  the  cavity  left  by  removal  of  the  first.) 

The  cyst  wall  in  this  case  consisted  of  several  irregular  overlapping 
and  not  perfectly  concentric  layers  of  dense  fibrous  tissue,  with  inter¬ 
spersed  occasional  short  imperfect  layers,  characterized  by  the  presence 
of  numerous  small  nuclei.  Some  of  the  outermost  of  these  imperfect 
nucleated  layers  appeared  to  merge  into  more  perfect  gland  tissue;  they 
represented  evidently  the  remains  of  atrophied  lobules  or  collections  of 
vesicles.  Upon  the  inner  surface  of  the  cyst,  section  showed  here  and 
there  accumulatioiis  of  well-developed  vesicles  50  ju,  to  :^00  in  diame¬ 
ter,  possessing  a  somewhat  flattened  epithelium;  here  and  there  several 
vesicles  appeared  to  have  run  together  into  a  common  chamber. 

There  were,  in  addition,  small  areas  of  fibrosis  and  of  calcareous  de¬ 
posits.  The  fluid  filling  the  main  cyst  contained  cholesterine  crystals 
and  large,  round  cells  filled  with  fatty  globules.  The  fluid  had  a  glairy, 
yellowish-brown  appearance. 

Case  III. — (Single  cyst  of  right  lobe.) 

As  in  the  case  last  mentioned,  the  cyst  wall  was  formed  of  several 
layers  of  fibrous  tissue,  with  intermediate  partial  layers  of  atrophied 
gland  tissue.  From  the  wall  there  projected  inward  large,  firm  masses 
of  gland  tissue,  with  vesicles  varying  in  diameter  between  50  ja  and 
400  /X,  having  a  thin,  low  epithelium  and  very  little  tissue  between  the 
individual  vesicles.  The  fluid  contents  of  the  cyst  were  grumous,  and 
contained  cholesterine  crystals. 

Case  IY. — (Single  cyst  of  left  lobe,  the  size  of  a  hen’s  egg.) 

The  cyst  wall  possessed  the  same  features  as  those  in  the  last  two 
cases,  except  that  it  was  not  quite  so  dense,  and  that  here  and  there  in 
it  could  be  observed  flattened  masses  of  colloid.  Greatly  elongated  vesi¬ 
cles  coiild  also  be  seen  gradually  losing  their  epithelium,  and  passing 
into  what  might  possibly  be  lymph  channels  (vide  Plate  XV,  Fig.  4). 
Both  on  the  outer  and  on  the  inner  side  of  the  cyst  wall  there  was  typi¬ 
cal  gland  tissue,  the  diameter  of  the  vesicles  varjdng  between  40  ^  and 
125  g.  In  these  masses  of  gland  tissue  protruding  into  the  lumen  of  the 
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cyst  were  unmistakable  signs  of  old  Inemorrhages  (deposits  of  pigment 
and  cells  containing  pigment  grannies).  The  contents  of  this  cyst  were 
reported  hy  Dr.  Shepherd  to  consist  of  a  yellowish-brown  fluid,  with 
blood  clots. 

Case  V. — (Single  cyst  of  left  lobe,  the  size  of  a  small  orange.) 

The  wall  of  the  cyst  in  this  was  much  thicker  than  in  the  preceding 
case,  and  was  almost  entirely  fibrous,  though  there  were  evidences  of 
contained  atrophied  gland  tissue.  Externally,  the  gland  tissue  showed  a 
chronic  interstitial  thyroiditis,  and  in  places  merged  imperceptibly  into 
the  cyst  wall.  In  addition,  the  capsule  exhibited  patches  of  calcareous  de¬ 
generation;  in  the  middle  of  one  such  patch  the  remains  of  an  artery 
showing  obliterating  endarteritis  could  be  distinguished.  The  papilloma¬ 
like  ingrowths  into  the  cyst  showed  dilated  vesicles  filled  with  a  clear 
homogeneous  colloid  material;  the  vesicular  epithelium  was  greatly  flat¬ 
tened,  and  exhibited  areas  of  atrophy  with  communication  between  the 
vesicles.  There  were  the  remains  of  old  haemorrhages  with  pigment  de¬ 
posits,  and  more  recent  haemorrhages  causing  rupture  of  the  vesicular 
epithelium,  so  that  the  blood  was  both  intravesicular  and  extravesicular. 
The  contents  of  the  cyst  were  reported  by  Dr.  Shepherd  to  consist  of  a 
straw-coloured  fluid. 

Case  VI. — (Single  enormous  cyst  of  the  left  lobe  of  the  size  of  a 
turnip.) 

The  wall  of  this  cyst,  which  had  of  late  grown  rapidly,  was  compara¬ 
tively  thin,  and  in  its  immediate  neighbourhood  was  found  normal  thy¬ 
roid  tissue,  the  vesicles  averaging  about  25  /a  in  diameter.  All  around 
the  inner  aspect  of  the  wall  was  similar  tissue  in  fair  quantities  form¬ 
ing  an  inner  lining,  and  showing  here  and  there  a  haemorrhagic  focus. 
At  one  place  a  large  papillomatous  mass  projecting  inward  showed  thy¬ 
roid  tissue  of  a  similar  nature,  with,  however,  much  fibrous  tissue  and 
great  compression  of  the  vesicles.  According  to  Dr.  Shepherd’s  report, 
the  contents  consisted  of  a  dark-brown,  thickish  fluid,  and  from  the  pos¬ 
terior  wall  there  projected  several  papilloma-like  patches  the  size  of 
walnuts. 

Case  VII. — (Large  soft  cyst  of  right  lobe,  extending  beneath  the 
sternum  over  the  vessels  arising  from  the  arch  of  the  aorta;  the  cyst  in 
consequence  could  not  be  shelled  out  in  its  entirety.) 

The  wall  of  the  cyst  was  very  similar  to  that  of  the  preceding  case. 
From  the  inner  aspect  there  was  thyroid  tissue  projecting,  with  vesi- 
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cles  generally  large,  varying  from  40  /*  to  250  /a,  the  average  diameter 
being  calculated  to  be  about  75  Here  the  interstitial  fibrous  tissue 
was  much  increased,  the  colloid  in  the  follicles  was  shrunken,  and  there 
were  marked  evidences  of  multiple  haemorrhages,  both  intravesicular  and 
extravesicular.  The  contents  of  the  cyst  were  reported  by  Dr.  Shepherd 
to  consist  of  a  dark-yellow  fiuid.  One  large  mass  of  gland  tissue  pro¬ 
jected  from  the  posterior  or  internal  wall. 

Case  VIII. — The  eighth  specimen  received  from  Dr.  Shepherd  was 
of  a  different  nature.  While  at  the  operation  the  case  appeared  to  he 
one  of  multiple  large  cysts  with  colloid  contents  ^affecting  both  lobes, 
upon  microscopic  examination  of  the  dense  colloid  material  enucleated, 
it  was  found  that  this  was  made  up  of  thyroid  tissue,  with  vesicles  rang¬ 
ing  from  25  /a  up  to  630  /a  in  diameter,  the  average  being  about  50  /a. 
The  vesicular  epithelium  was  greatly  flattened,  and  consisted  of  little 
more  than  small  rounded  nuclei.  Thus  the  ease  was  one  of  multiple 
nodular  or  lobular  overgrowths,  or,  more  correctly,  aberrant  growths  of 
the  gland  tissue.  I  have  since  received  a  similar  specimen  removed  by 
Dr.  J.  Bell  from  a  patient  in  this  hospital. 

Taking  into  consideration  all  of  the  various  features  presented 
by  these  large  fluid  cysts,  it  will  be  seen  that  the  contents  differ  mark¬ 
edly  from  those  of  the  ordinary  vesicles  of  the  thyroid  gland.  They 
are  fliiid,  and  in  general  present  evidences  of  containing  blood  or 
derivatives  from  the  blood;  they  vary  from  a  straw-coloured  fluid 
(as  in  Case  V),  through  greenish  broAvn  (Case  I),  to  a  dark-brown, 
grumous  fluid  (as  in  Case  VI);  or,  again  (as  in  Case  IV),  actual 
blood  clots  may  be  present.  It  is  of  importance  to  note  that  when, 
as  in  Case  VI,  the  growth  immediately  before  the  operation  had  been 
rapid  and  the  cyst  wall  was  thin,  there  was  found  the  most  abundant 
evidence  of  recent  effusion  of  blood;  when,  on  the  other  hand,  as  in 
Case  V,  the  wall  was  thick  and,  judging  from  the  calcareous  deposits 
within  it,  the  cyst  was  of  long  standing  and  quiescent,  the  contents 
showed  least  evidence  of  admixture  with  blood,  consisting  simply  of 
a  thin  straw-coloured  fluid. 

With  regard  to  the  nature  of  the  cyst  wall,  this  is  of  a  somewhat 
peculiar  character.  Although  very  definitely  fibrous  in  composition, 
its  nature  is  not  shai’ply  defined.  The  layers  composing  it  are  not 
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truly  concentric;  here  and  tliere  between  them  occur  masses  of  small 
cells,  which,  by  comparison  with  the  tissue  immediately  outside  the 
wall,  are  seen  to  be  clearly  the  atrophied  remains  of  gland  tissue  (vide 
Plate  XV,  Fig.  4).  These  features  explain  why  it  is  that  in  enuclea¬ 
tion  the  cysts  are  found  not  to  be  sharply  defined  from  their  sur¬ 
roundings,  and  permit  successive  irregular  layers  to  be  partially  peeled 
off.  The  wall,  in  fact,  passes  gradually  into  the  bands  of  interstitial 
tissue  running  between  the  surrounding  collections  of  vesicles,  and 


Portion  of  the  capsule  of  the  thyroid  cyst  removed  from  Case  V.  x  10. 

E,  external  aspect;  I,  internal  aspect;  W,  W,  cyst  wall  of  varying  thickness.  1,  Fine 
layer  of  thyroid  tissue  covering  inner  wall  of  cyst;  2,  2,  mass  of  thyroid  tissue  pro¬ 
jecting  into  lumen  of  cyst;  3,  3,  large  and  healthy  thyroid  vesicles;  4,  dense  fibroid 
mass  (atheromatous)  with  some  calcification ;  3,  5,  small  areas  of  hicmorrhage  with 
pigmentation ;  6,  atroithied  glandular  tissue  included  between  the  layers  of  the  cyst  wall ; 
7,  fibrous  band  or  layer  passing  from  the  cyst  wall  to  partially  cover  the  projecting  mass 
of  thyroid  tissue. 


evidently  represents  not  so  much  a  new  formation  of  fibrous  tissue 
around  the  cyst  as  a  compression  of  the  surrounding  thyroid  tissue. 
In  the  older  cysts,  judging  from  the  thickness  of  the  Avail,  it  Avould 
appear  that  there  had  been  a  certain  amount  of  new  fibrous  tissue 
formation. 

Upon  its  inner  aspect  also  the  Avail  differs  Avidely  fi’om  that  of 
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an  ordinary  retention  cyst;  it  is  not  lined  either  Avitli  well-developed 
epithelium  or  -with  the  remains  of  such  tissue,  while  between  the 
contained  fluid  and  the  fibrous  envelope  is  to  be  found  irregularly 
distributed  a  greater  or  less  amount  of  intact  gland  tissue. 

The  appearances  here  presented  differ  widely  from  what  is  to  be 
observed  in  the  ordinary  parenchymatous  goitre.  In  the  latter  the 
cysts  are  generally  distributed  through  the  substance,  and,  while 
individual  cysts  are  often  cleaidy  recognisable  with  the  naked  eye, 
they  do  not  attain  to  any  great  size.  It  is  easy  to  follow  the  stages  in 
their  formation — that  is  to  say,  an  examinatior  of  sections  taken 
from  cases  of  parenchymatous  or  colloid  goitre  reveals  a  series  of 
modifications  of  the  vesicles  which  can  not  but  represent  successive 
stages  of  the  process.  In  the  first  place,  the  vesicles  in  general  may 
be  enlarged  and  distended  with  colloid  material;  later,  as  is  well 
shown  in  Wdlfler’s  figures  of  injected  thyroids,  where  two  distended 
vesicles  are  in  close  apposition,  the  vessels  in  between  become  com¬ 
pressed,  and  become  atrophied — a  result  which  is  followed  by  atrophy 
of  the  neighbouring  epithelium  and  of  the  interstitial  substance.  The 
next  change  is  in  all  respects  comparable  with  what  obtains  in  the 
emphysematous  lung  under  similar  conditions.  The  atrophied  tissue 
becomes  completely  absorbed,  and  the  two  vesicles  fuse  into  one,  small 
projections  being  left  jutting  into  the  common  cavity,  and  indicating 
the  site  of  the  previous  partition.  This  process  of  fusion  may  con¬ 
tinue  so  that  finally  numerous  vesicles  may  thus  form  one  common 
chamber.  The  characters  of  such  cysts  are  constant;  they  have  a 
clear,  sharply  cut  wall,  covered  by  a  continuous  layer  of  epithelium, 
which  is  more  or  less  flattened  in  different  cases,  according  to  the 
amount  of  pressure  exerted  by  the  contents.  The  walls  of  the  cysts 
outside  the  epithelium  are  thin  and  indefinite.  They  are  comparable, 
on  the  one  hand,  with  the  retention  cysts  to  be  met  with  in  the  various 
acinous  glands — in  the  kidney,  the  mamma,  the  pancreas,  and  the 
liver — and,  on  the  other,  as  above  stated,  with  areas  in  the  emphyse- 
matoiTS  lung.  As  with  other  retention  cysts,  in  these  there  may  occur 
secondary  papillomatous  ingrowths. 

The  whole  appearance  of  the  large  cysts  here  referred  to  is  that 
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of  an  accumulation  in  a  lobule  of  the  thyroid,  the  accumulation 
being  associated  with  some  destruction  of  gland  tissue;  not  all  the 
gland  tissue  of  the  lobule  has  been  destroyed;  some  is  left,  and  it  is 
this  that  forms  the  characteristic  irregular  coating  of  the  internal  wall 
of  the  cyst.  In  support  of  this  opinion  is  the  fact  that  the  large  masses 
frequently  found  projecting  into  the  cysts  most  commonly  spring  from 
the  inner  or  medial  aspect  of  the  cyst,  from  the  region  where  the 
lobules  are  not  sharply  cut  off  the  one  from  the  other. 

It  must  be  remembered  that  the  thyroid  is  an  imperfectly  lobu- 
lated  organ;  toward  the  periphery  the  gland  substance  is  seen  to  be 
partitioned  off  by  fibrous  septa,  running  in  somewhat  irregularly  from 
the  surface.  These  septa,  however,  become  broken  up  and  indefinite 
in  the  more  central  and  deeper  areas  of  the  organ.  But,  apart  from 
the  character  of  the  lobulation  of  the  gland,  it  is  to  be  noticed  that  in 
any  case  of  accumulation  of  fluid  in  the  interstices  of  the  thyroid  the 
tendency  would  evidently  obtain  for  destruction  and  rupture  of  the 
tissue  to  occur  in  an  outward  direction — in^the  direction  of  least  re¬ 
sistance.  Thus,  any  advancing  destruction  of  thyroid  tissue  would 
be  most  marked  toward  the  exterior. 

If  this  be  so,  and  if  these  cysts  be  due  primarily  to  destruction 
of  thyroid  tissue  and  accumulation  of  fluid  in  a  space  bordered  by 
destroyed  or  partially  destroyed  vesicles,  Avhat  is  the  cause  at  work 
leading  to  such  destruction? 

According  to  Wblfler,  the  main  cause  is  an  oversecretion  of  col¬ 
loid  in  the  vesicles,  with  consequent  rupture  of  these,  infiltration  of 
the  interstitial  substance  with  colloid  material,  atrophy  of  the  infil¬ 
trated  tissue,  and  subsequent  continued  excretion  of  colloid  from  such 
of  the  epithelial  cells  of  the  ruptured  A'esicles  as  remain  undestroyed. 
He  devotes  two  pages  to  a  consideration  of  the  successive  steps  in  such 
a  process.* 

So  far  as  I  have  been  able  to  determine,  this  view  has  been  gen¬ 
erally  accepted,  and  no  other  explanation  has  been  brought  forwai’d 
by  more  recent  workers  to  explain  the  development  of  these  cysts. 

*  Wolfler,  Ueber  die  Entwiekelung'  mid  den  JJau  des  Kropfes,  Beidin,  1883, 
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Among  recent  French  writers,  Riviere,*  in  a  treatise  of  one  hundred 
and  fifty  pages,  while  discussing  various  diseases  of  the  gland  and 
pointing  out  that  luemorrhage  into  the  vesicles  may  lead  to  a  true 
hmmatocele,  has  nothing  further  to  say  with  regard  to  the  relation¬ 
ship  between  siich  haemorrhages  and  cyst  formation  beyond  the  bare 
notice  of  the  occurrence  of  haemorrhagic  cysts,  and  of  the  liability 
on  the  part  of  intra-acinous  papillary  growths  to  give  rise  to  intra- 
cystic  haemorrhage.  In  English  and  American  literature,  descriptions 
of  the  removal  of  gross  solitary  cysts  of  the  gland,  evidently  similar 
to  those  about  to  be  described,  are  not  infrequent,  but  the  surgical 
features  are  in  general  dwelt  upon  to  the  entire  exclusion  of  the  his¬ 
tological  characters.  The  only  full  and  exact  description  that  I  have 
met  with  in  English  or  American  literature  is  in  an  article  by  Dal- 
ziel  upon  a  case  described  as  one  of  cystic  adenoma.f  His  description 
tallies  entirely  with  that  given  by  me,  and  he  is  careful  to  draw 
attention  to  the  very  extensive  haemorrhages  both  into  and  around 
the  vesicles,  and  to  the  evidence  that  in  part,  at  least,  these  are  of  old 
standing. 

But  it  would  seem  that  against  the  theory  of  Wolfler  there  is  not 
a  little  to  be  said.  Rupture  of  a  secreting  organ  or  of  the  follicles 
of  a  secreting  organ  as  a  result  of  over  activity  is  most  rare,  even  in 
the  acini  of  glands  which  possess  efferent  ducts.  AVhen  these  ducts 
are  obstructed,  and  retention  cysts  developed,  the  (at  times)  enormous 
expansion  of  the  secreting  surface  in  the  cysts  does  not  lead  to  spon¬ 
taneous  rupture.  This  certainly  may  be  laid  down  as  a  rule  to  Avhich 
there  exist  only  peculiarly  rare  exceptions.  AVolfler  states  that,  in  the 
thyroid,  areas  of  such  bursting  of  the  vesicles  can  be  recognised. 
AVhile  I  am  most  ready  to  admit  that  he  has  examined  a  very  much 
larger  number  of  thyroids  than  has  come  into  my  hands,  I  feel  it 
right  to  say  that  in  more  than  twenty-five  separate  specimens  of  this 
organ  which  I  have  recently  studied,  the  majority  presenting  one  or 
other  morbid  condition,  I  have  not  seen  any  sign  of  this  bursting  of 
dilated  vesicles,  althoiigh  I  have  carefully  sought  for  it;  or,  to  state 

*  Riviere,  Contribution  a  I’etude  anatomique  clu  corps  thyro'ide  et  des 
goitres,  Lyons,  1893. 

f  Dalziei,  Glai^yow  Medical  Journal,  xli,  1894,  ]).  227. 
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the  case  more  exactly,  where  I  have  found  haemorrhage  in  the  thy¬ 
roid,  with  associated  rupture  of  the  vesicles,  I  have  been  unable  to 
determine  that  this  rupture  was  at  the  same  time  primary  and  spon¬ 
taneous,  associated  with  extreme  distention. 

Again,  the  nature  of  the  contents  of  these  cysts  furnishes  a  strong 
argument  in  opposition  to  the  above  theory.  If  these  were  essentially 
the  specific  secretion  from  such  of  the  epithelial  cells  of  ruptured  vesi¬ 
cles  as  remain  undestroyed,  we  should  expect  to  find  them  charac¬ 
teristically  thick  and  colloid.  But  this  is  not  the  case.  The  peculiar¬ 
ity  of  the  contents  consists  in  the  presence  of  cholesterine,  of  leuco¬ 
cytes  loaded  with  fatty  globules,  and  of  a  colour  ranging  from  pale 
brownish  yellow  to  the  pronounced  purple  of  htemorrhagic  effusion. 
The  contents,  it  is  true,  are  in  general  glairy,  viscid,  and  albumin¬ 
ous,  and  contain,  in  all  probability,  some  colloidal  material;  but  this 
is  greatly  diluted,  and  altogether  the  specific  secretion  contained  in 
the  fluid  appears  to  be  of  secondary  importance.  The  so-called  col¬ 
loid  cysts  of  the  thyroid,  from  which  upon  enucleation  thick,  clear, 
semisolid  matter  is  removed,  are  of  a  totally  different  nature  from  the 
cases  to  which  here  I  would  draw  attention.  According  to  my  own 
observations  upon  two  such  “  colloid  cysts  ”  (to  one  of  which  I  have 
already  referred),  and  the  notes  of  a  third  case  recently  occurring 
under  Dr.  Bell  at  the  Boyal  Victoria  Hospital  and  reported  to  me 
by  Dr.  Adami,  hardening  and  section  of  such  enucleated  colloid  mate¬ 
rial  show  that  it  is  not  homogeneous,  but  is  composed  of  numerous 
greatly  distended  vesicles  with  very  thin  walls.  The  material  is,  in 
fact,  modified  thyroid  tissue,  and  the  condition  is  one  of  cyst-ade¬ 
noma,  with  localized  overgrowth  and  retention  of  the  colloid  within 
the  vesicles. 

The  examination  of  a  series  of  thyroid  glands  obtained  both  from 
the  post-mortem  room  and  from  the  operation  theatre  has  made  very 
evident  to  me  the  frequency  with  which  these  organs  become  the  seat 
of  ha3morrhage.  In  case  after  case  received  from  Dr.  Shepherd  and 
from  Dr.  Bell  there  have  been  indications  not  merely  of  recent  haem¬ 
orrhages,  which  might  have  been  accounted  for  by  operative  inter¬ 
ference,  but  also  of  old  extravasations  of  blood  with  the  presence  of 


412 


Oil  llcemorrJiagic  Cysts  of  the  Thyroid  Gland 


deposits  of  modified  blood  pigment,  or  again  of  large  cells  containing 
the  characteristic  modified  haemoglobin. 

In  Plate  XY,  Fig.  2,  is  shown  one  of  these  haemoiThages. 
The  section  was  obtained  from  the  upper  part  of  the  left  lobe  of 
the  thyroid  of  a  patient  who  died  in  the  Royal  Victoria  Hos¬ 
pital  some  weeks  after  drinking  a  large  dose  of  potash  lye, 
taken  apparently  with  suicidal  intent.  In  the  region  indicated 
was  a  roughly  spherical  tumour,  a  little  over  two  centimetres  in 
diameter,  of  comparatively  firm  consistence  and  of  a  rich  red  colour. 
Sections  through  the  tumour  showed  that  the  hsemorrhage,  which 
must  have  been  comparatively  recent,  inasmuch  as  the  red  corpus¬ 
cles  were  in  general  well  preserved,  was  limited  in  extent  to  one  lobule 
of  the  organ.  Around  it  was  a  well-defined  margin,  formed  of  the 
connective  tissue  separating  the  lobule  containing  it  from  the  sur¬ 
rounding  lobules.  In  the  affected  lobule  not  all  the  tissue  was  the 
seat  of  haemorrhage,  sundry  follicles  and  the  surrounding  interstitial 
tissue  being  entirely  free  from  extravasated  blood  (Plate  XV,  Fig.  2,d). 
But,  in  general,  there  was  clearly  marked  evidence  of  htemorrhage. 
The  blood  had  jeassed  into  the  vesicles,  and  also  into  the  interstitial  sub¬ 
stance.  Many  of  the  vesicles  were  very  greatly  distended  with  blood, 
and  presented  a  thin,  flattened  epithelium;  in  one  place  an  area  was 
clearly  distinguishable  where  there  had  been  rupture  of  a  small  ves¬ 
sel,  with  a  pouring  out  of  blood  both  into  the  follicle  and  into  the 
interstitial  tissue.  It  was  interesting  to  notice  that  in  many  places 
follicles  distended  with  blood  could  be  recognised,  around  Avhich  there 
was  not  the  slightest  sign  of  interstitial  luemorrhage.  The  appearance 
suggested  strongly  that  the  follicles  comimmicate  with  each  other, 
and  that  haemorrhage  had  taken  place  into  the  follicles  of  one  or  more 
communicating  systems,  while  other  systems  had  remained  free. 
AVhether  siich  communication  is  normal  or  acquired  I  will  not  ven¬ 
ture  to  state.  In  several  of  the  sections  the  communications  between 
the  injected  follicles  could  be  recognised;  they  were  undistinguish- 
al)le  from  what  might  have  been  produced  by  pressure  atrophy, 
though,  at  the  same  time,  natural  and  not  acquired  commimications 
might  ]iresent  a  similar  appearance. 
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In  this  case,  then,  we  have  an  example  of  a  hemorrhage  limited 
to  and  distending  one  lohnle  of  the  thyroid  and  of  rnptnre  of  the 
vessels  resulting  in  distention  of  the  follicles  with  interstitial  disturb¬ 
ance.  Of  actual  cyst  formation  the  specimen  showed  no  sign. 

Plate  XV,  Fig.  3,  represents  a  much  further  advanced  condition. 
The  case  fi’om  which  this  was  taken  was  one  of  parenchymatous  goitre 
in  a  woman  of  twenty  years,  Avith  diffuse  hypertrophy  of  the  organ 
most  marked  upon  the  right  side.  For  four  or  five  years  the  growth 
had  been  sIoav;  during  the  last  twelve  months  it  had  been  more  rapid. 

Examined  microscopically,  the  vesicles  Avere  found  to  vary  greatly 
in  size  (from  15  /i  to  300  /x  in  diameter,  the  a\’erage  appearing  to 
he  from  25  to  30  /i).  The  larger  vesicles  Avere  relatively  rare, 
and  occurred  mainly  in  the  deeper,  more  central  portion  of  the  gland. 
The  contents  of  the  vesicles  had  a  shrunken  appearance,  and  their 
epithelium  Avas  of  Avell-formed  columnar  type.  There  Avas  a  certain 
amount  of  hyaline  change  in  the  interstitial  tissue. 

The  enlarged  gland  presented  several  hemorrhages,  and  upon  a 
closer  study  of  these  under  the  microscope  some  A’esicles  Avere  seen 
filled  Avith  blood,  as  in  the  i)revious  case.  There  had,  lioweA'er,  been 
more  abundant  extravasation  into  the  interstitial  substance,  and,  fol- 
loAving  upon  this,  a  rupture  of  numerous  follicles.  In  this  Avay  spaces 
had  been  prodiiced  filled  Avith  blood,  and  shoAving  here  and  there  along 
their  edges  layers  of  columnar  epithelial  cells,  the  remains  of  the 
burst  follicles.  Small  collections  of  cells  and  masses  of  dislocated 
tissue  coAild  be  recognised  here  and  there  in  the  blood-stained  fluid, 
filling  these  rents  in  the  thyroid.  The  hiemorrhages  Avere  not  en¬ 
tirely  recent,  for  in  the  interstitial  substance  and  in  some  of  the  A'esi- 
cles  large  pigment-containing  cells  could  be  seen. 

Tavo  series  of  changes  might  reasonably  be  expected  to  occur  in 
connection  Avith  a  lesion  siicli  as  has  been  described.  Either  the  epi¬ 
thelium  of  the  ruptured  follicles  might  undergo  atrophy,  the  effused 
blood  might  become  absorbed,  and,  through  simple  inflammatory  and 
reparative  processes,  the  lesion  be  eventually  represented  by  a  small 
mass  of  fibroid  cicatricial  tissue  containing  nK)re  or  less  blood  pig¬ 
ment.  In  other  regions  of  the  specimen  last  described  patches  of 
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fibroid  tissue  of  tbis  nature  were  observed,  and  their  presence  would 
seem  to  indicate  that  small  haemorrhages  had  been  frequent  in  this 
case.  Or,  on  the  other  hand,  where  the  haemorrhage  has  been  very 
extensive,  there  might  be  developed  in  the  thyroid,  as  in  the  brain, 
a  haemorrhagic  cyst,  the  contents  of  which,  according  to  the  age  of 
the  cyst,  might,  as  in  other  haemorrhagic  cysts,  vary  from  almost  pure 
blood,  with  some  admixture  of  the  destroyed  tissue  of  the  part,  to  a 
straw-coloured  fluid. 

Such  would  seem  to  be  the  nature  of  the  cysts  here  described. 
The  two  would  possess  features  in  all  respects  similar.  Haemorrhagic 
cysts  of  the  nature  I  have  indicated  would  tend  to  be  limited  by  the 
interlobular  connective  tissue;  within  the  boundary  wall  there  would 
be  not  only  fluid  contents,  but  a  lining  of  glandular  tissue  represent¬ 
ing  those  portions  of  the  lobi;le  not  destroyed  at  the  time  of  the  orig¬ 
inal  haemorrhage,  and  gaining  a  collateral  circulation  from  the  vessels 
of  surrounding  lobules. 

Whether  or  not  the  remaining  epitlielium  of  the  burst  follicles 
continue  to  be  well  nourished  and  to  pour  out  its  excretion  is  a  matter 
of  possible  doubt.  Tor  myself,  I  have  never  in  a  well-developed  cyst 
seen  the  slightest  indication  of  even  a  localized  presence  of  an  internal 
layer  of  thyroid  epithelium;  on  the  other  hand,  it  must  be  acknowl¬ 
edged  that  the  contents  are  at  times  very  glairy,  and  strongly  suggest 
some  admixture  of  dilute  colloid  material.  I  regret  to  say  that  I  did 
not  at  the  time  test  the  contents  of  any  of  the  cysts  for  the  presence 
of  colloidal  bodies. 

On  the  theory  of  rupture  and  destruction  of  thyroid  tissue,  there 
is  an  anatomical  basis  for  the  frequent  presence  of  large  masses  of 
thyroid  tissue  projecting  into  the  cyst  from  its  medial  aspect.  To 
this  must  be  added  the  fact  that  the  macroscopical  and  microscopical 
appearances  of  these  ingrowths  are  wholly  against  the  supposition  that 
they  are  neoplastic;  their  surface  is  covered  with  a  fairly  dense  layer 
of  fibrous  tissue,  continuous  with  the  internal  layers  of  the  cyst  wall; 
their  peduncles  are,  in  general,  broad,  and  pass  imperceptibly  into  a 
layer  of  tissue  containing  thyroid  vesicles,  which,  on  the  one  hand, 
merges  into  tlie  layer  of  glandular  tissue  lining  the  inner  surface  of 
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the  cyst  wall,  and,  on  the  other  hand,  did  not  in  any  specimen  ex¬ 
amined  by  me  appear  to  be  sharply  differentiated  from  the  surround¬ 
ing  and  deeper  thyroid  tissue;  in  short,  the  vesicles  in  these  papillae 
resemble  the  A’esicles  of  the  tissue  surrounding  the  cyst.  I  have 
already  pointed  out  the  many  ways  in  which  the  contents  of  these 
cysts  differ  from  ordinary  thyroid  secretion,  and  approach  in  char¬ 
acter  to  haemorrhagic  products. 

I  am  led,  therefore,  to  regard  these  large  solitary  or  rare  cysts 
of  the  thyroid  gland  as  being  haemorrhagic  in  origin,  and  I  would 
speak  of  them  as  haemorrhagic  or  post-haemorrhagic  cysts  of  the 
organ. 

llany  circumstances  combined  would  seem  to  render  the  thyroid 
gland  an  organ  peculiarly  liable  to  be  the  seat  of  haemorrhages.  There 
is,  in  the  first  place,  the  peculiarly  vascular  character  of  the  organ; 
in  the  second,  its  relatively  exposed  situation ;  and,  in  the  third,  there 
may  be  mentioned,  as  tending  to  explain  the  greater  frequency  of 
haemorrhages,  both  small  and  large,  in  this  organ  in  the  female,  the 
changes,  apparently  to  a  large  extent  vascular,  which  occur  in  con¬ 
nection  with  sexual  disturbances.  It  is,  however,  clear,  from  the  de¬ 
scription  given  to  me  by  Dr.  Shepherd  and  recorded  by  him  in  his 
article  in  the  AidhiIs  of  Simjery,  that  in  most,  if  not  all,  of  the  cases 
these  gross  cysts  do  not  develop  in  healthy  thyroids,  but  that  there 
would  seem  to  have  been  already  some  pre-existing  morbid  condition 
of  the  gland  predisposing  to  their  px’oduction.  Judging  from  the  por¬ 
tions  of  tissue  surrounding  the  cysts  that  were  sent  to  me,  the  condi¬ 
tion  most  frequently  associated  with  their  development  is  that  of  a 
more  or  less  advanced  parenchymatoixs  goitre. 

.Vs  I  have  pointed  out,  in  the  parenchymatous  goitre,  even  if  there 
be  no  definite  cyst  prodxiction  of  a  gross  type,  there  may  be  numerous 
hxemorrhages ;  and  when  it  is  remembered  how  delicate  are  the  walls 
of  the  distended  cysts  in  this  condition,  and  how  abundant  at  the  same 
time  is  the  vascular  supply  of  the  organ  and  the  network  of  capillaries 
immediately  surrounding  the  distended  vesicles,  it  is  not  difficult  to 
realize  why  it  is  that  such  luemorrhages  occur,  more  especially  when 
the  relatively  exposed  situation  of  the  enlarged  gland  is  taken  into 
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account.  Here,  in  sliort,  exists  tlie  most  favourable  combination  of 
circumstances  for  tbe  production  of  extensive  haemorrliages  and  of 
haemorrliagic  cysts  of  tbe  thyroid. 

There  is  one  feature  of  these  large  cysts  which  is  certainly  difficult 
to  explain.  I  refer  to  the  frequent  history  given  of  progressive  en¬ 
largement,  more  especially  in  the  early  stages.  Unfortunately,  the 
clinical  histories  of  my  cases  are  not  of  a  detailed  nature.  In  only 
one  case  is  it  definitely  stated  that  the  tumour  appeared  with  compara¬ 
tive  suddenness — after  violent  seasickness — and,  when  once  devel¬ 
oped,  the  patients  have  yielded  no  definite  information  as  to  whether 
the  earlier  growth  was  gradual,  periodic,  or  irregular.  In  the  later 
stages,  in  five  oiit  of  the  seven  histories,  it  is  noted  that  there  was  sud¬ 
den  or  rapid  increase.  The  grumous  and  blood-stained  contents  would 
seem  clearly  to  indicate  that  this  later  and  sudden  increase  in  size  is 
due  to  rei^eated  hannorrhages.  In  Cases  II  and  VII  the  thyroid  en¬ 
largement  bad  been  noticed  for  ten  and  six  years  respectively;  never¬ 
theless,  the  contents  gave  evidence  of  relatively  recent  effusion  of 
blood.  It  is  remarkable  how  frequent  were  the  evidences  of  haemor¬ 
rhage  in  the  projecting  masses  and  surrounding  tissue.  Possibly  the 
earlier  growth  is  due  to  a  like  cause,  but,  as  I  have  said,  the  clinical 
histories  do  not  throw  light  upon  this  point. 

Tbe  progressive  enlargement  can  not  be  due  to  secretion  from  the 
epitbelium  lining  ruptured  vesicles,  for  in  none  of  tbe  cases  of  well- 
developed  cysts  have  I  encountered  any  sign  of  even  localized  epi- 
tbelial  lining. 

It  is  possible  that  tbe  cysts  occur  in  and  replace  nodixlar  parencby- 
matous  bypertroidiies  or  adenomata  of  tbe  gland  tissue,  and  that  in 
some  of  tbe  cases  tbe  pi’ogrcssive  enlargement  noticed  in  tbe  earlier 
stages  was  due  to  tbe  gi’adual  growth  of  sucb  nodules,  wbicb  later 
became  tbe  seat  of  basmorrbage  and  cyst  formation.  Tbe  material 
at  my  disposal,  wbicb  consisted  of  tbe  enucleated  cysts  and  tbeir  con¬ 
tents,  is  incapable  of  deciding  tins  qxxestion  one  way  or  tbe  other. 

That  the  growth,  if  gradual  and  cystic  from  tbe  onset,  is  due  to 
effusion  or  imbibitions  of  serous  axid  colloid  fluid  from  tbe  surrounding 
vessels  and  lymphatics  is  but  a  remote  possibility. 
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The  most  I  can  venture  to  state  with  any  degree  of  certainty  is 
that  the  more  rapid  and  sudden  enlargements  of  the  cysts  in  the  later 
stages  can  be  ascribed  to  repeated  haBinorrhages.  1  must  leave  to 
others  possessing  fuller  opportunities  the  explanation  of  the  nature 
of  the  gradual  growth  which,  from  the  patients’  reports,  would  seem 
to  be  the  rule  at  the  onset. 

The  view  here  enunciated  may  involve,  it  is  true,  only  a  slight 
modification  of  AVolfler’s  theory;  nevertheless,  it  seems  to  me  im¬ 
portant  to  recognise  the  distinction  between  such  spontaneous  rupture 
of  distended  thyroid  vesicles,  as  is  urged  by  him,  and  the  more  in¬ 
herently  probable  traumatic  rupture  with  luemorrhage,  as  here  sug¬ 
gested. 


Conclusions. 

1.  All  the  featui’es  peculiar  to  the  gross  cysts  of  the  thyroid 
gland  which  possess  fiuid  contents  a^ipear  to  indicate  that  they  are 
essentially  of  haunorrhagic  origin. 

2.  While  these  gross  cj'sts  would  seem  more  especially  to  occur 
in  glands  which  already  present  the  features  of  parenchymatous 
goitre,  the  theory  of  Wdlfier  that  they  originate  as  a  consequence  of 
spontaneous  rujiture  of  the  vesicles  is  unsatisfactory. 

3.  It  would  seem  more  probable  that  these  large  cysts  are  due 
to  rupture,  traumatic  or  otherwise,  of  some  of  the  vessels  of  the  organ. 
The  frequent  signs  of  small  hamorrhages  in  cases  of  parenchymatous 
goitre  without  evidence  of  associated  gross  change  in  the  suiTound- 
ing  vesicles,  the  structure  of  the  organ  and  its  exposed  position,  all 
appear  to  favour  this  view. 

Finally,  I  beg  to  express  my  indebtediiess  to  Dr.  Sheiiherd  for  his 
kindness  in  atfording  me,  while  working  mainly  in  the  jaithological 
department  of  the  Royal  Victoria  Hospital,  the  material  from  the 
Alontreal  General  Hospital,  which  has  formed  the  groundwork  of  this 
jnqier.  I  beg  to  thank  also  Dr.  flames  Bell  for  the  rest  of  my  material, 
and  Prof.  Adami,  at  whose  suggestion  T  undertook  this  research,  and 
to  whom  I  am  indebted  for  advice  throughout  its  course. 
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On  Hmnorrhagic  Cysts  of  the  Thyroid  Gland 


Description  of  Plate  XV. 

Fig.  1. — From  a  haemorrhagic  area  in  one  of  the  masses  projecting  into 
the  cysts  in  Case  I.  Magnified  250  diameters. 

The  haemorrhages  in  the  projecting  masses  in  this  case  were  extensive 
but  entirely  interstitial,  but  the  colloid  contents,  a  a,  of  the  vesicles  had  im¬ 
bibed  the  blood-colouring  matter  and  possessed  a  deep-brown  colour,  while  in 
addition  (in  these  haemorrhagic  areas  only)  there  were  to  be  seen  the  large  in- 
travesicular  crystals,  b  b.  The  vesicular  epithelium  presented  numerous  fine 
vacuoles  and  other  indications  of  degeneration,  c  c,  blood  effused  between 
the  vesicles. 

Fig.  2. — From  the  interlobular  haemorrhage  in  the  thyroid  of  Mrs.  C.  to 
show  interstitial  and  intravesicuilar  elfusion  of  blood.  Magnified  200  diame¬ 
ters. 

a.  Interstitial  haemorrhage,  b.  Vesicles  filled  with  blood;  disappearance 
of  colloid  material  and  very  great  distention,  with  flattening  of  epithelium, 
c.  liegion  of  rupture,  d.  Intact  vesicles  with  colloid  contents,  f.  Large  pig¬ 
mented  wandering  cells. 

Fig.  3. — From  an  extensive  haemorrhage,  very  recent,  in  a  case  of  paren¬ 
chymatous  goitre,  Mrs.  F.,  aged  twenty  years.  Magnified  200  diameters.  The 
figure  shows  rupture  of  the  thyroid  tissue.  The  effused  blood  is  bordered 
in  part  by  the  epithelium  of  large  ruptiired  vesicles,  in  part  by  interstitial 
tissue.  (The  former  condition  was  only  exceptionally  observed  in  the  sec¬ 
tions.) 

a.  Intact  vesicles  of  medium  size.  b.  “  Embryonal  ”  masses  of  glandular 
tissue,  c.  Epithelium  of  large  ruptured  vesicles  bordering  upon  the  haemor¬ 
rhage.  d.  Broken-down  thyroid  tissue,  f.  Effused  blood. 

Fig.  4. — Section  through  the  wall  of  one  of  the  cysts,  from  Case  IV.  Mag¬ 
nified  250  diameters. 

The  section  has  been  taken  through  a  region  where  there  was  a  low  pro¬ 
jection  of  thyroid  tissue  into  the  cyst,  and  the  figure  only  includes  the  ex¬ 
ternal  portion  of  this  and  is  not  continued  to  the  outermost  portion  of  the 
cyst  wall,  where  it  passed  into  the  surrounding  thyroid  tissue  (beyond  h). 

a.  Healthy  vesicles  lying  along  the  inner  wall  of  the  cyst.  b.  Terminal 
portion  of  a  long  vesicle  lying  along  the  main  fibroxis  tissue  of  the  cyst  wall. 
This  contained  blood,  and,  as  shown  in  the  figure  here  and  there,  along  its 
outer  aspect  there  was  an  absence  of  epithelium,  this  being  replaced  by  a 
layer  of  flattened  cells,  c.  Undeveloped  gland  tissue,  d.  Lymph  space  (V). 
f.  Simple  connective  tissue  forming  the  cyst  wall.  g.  Undeveloped  and  com¬ 
pressed  gland  tissue  in  the  thickness  of  the  cyst  wall.  h.  Lymph  spaces,  or 
vesicles  that  are  atrophied  and  devoid  of  epithelium,  filled  with  homogeneous 
colloid  material,  m.  Corpuscles  containing  blood  pigment,  n.  Epitheliiim  of 
a  vesicle  tinged  with  blood  pigment. 

[All  the  figures  have  been  drawn  by  means  of  a  Zeiss’s  camera  lueida. 
Fig.  3,  taken  from  a  somewhat  thick  section  rich  in  deeply  stained  nuclei, 
while  correct  in  its  outlines,  has  its  details  rendered  purposely  in  a  slightly 
conventional  manner.] 
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THE  SIGNIFICANCE  OE  PATHOGENIC  SPIRILLA  IN 
AMERICAN  SURFACE  WATERS,  WITH  A  DESCRIP¬ 
TION  OF  ONE  ISOLATED  FROM  THE  SCHUYLKILL 
RIVER  AT  PHILADELPHIA. 

By  a.  C.  ABBOTT,  M.  D., 

KIRST  ASSISTANT,  LABORATORY  OP  HYGIENE,  UNIVERSITY  OF  PENNSYLVANIA. 

{From  the  Laboratory  of  Hygiene,  University  of  Pennsylvania.) 

Blates  X\T,  XMI,  AND  XVIII. 

Since  the  discovery  by  Koch  of  the  spirillum  of  Asiatic  cholera, 
many  more  or  less  similar  spiral  bacteria  have  been  detected  in 
materials  and  in  places  other  than  those  closely  connected  with  an 
outbreak  of  cholera.  This  is  more  especially  the  ease  since  the  recent 
epidemic  in  Hamburg. 

Many  of  the  vibrios  that  have  been  described  and  claimed  to  be 
similar  to  the  cholera  spirillum  possess  but  few  peculiarities  that 
would  lead  to  confusion  on  the  part  of  one  familiar  with  the  character¬ 
istics  of  the  genuine  cholera  organism. 

On  the  other  hand,  a  considerable  number  of  forms  have  been  de¬ 
tected  in  water,  and  in  the  stools  of  individuals  suffering  from  other 
maladies,  that  possess  so  many  of  the  characteristics  of  the  true  cholera 
spirillum  that,  without  a  specific  reaction  for  this  organism,  their  abso¬ 
lute  differentiation  is  often  a  matter  of  extreme  difficulty,  and  fre¬ 
quently  of  impossibility.  In  consequence,  opinion  has  been  divided 
as  to  the  relation  between  the  genuine  comma  bacillus  of  cholera  and 
the  organisms  that  simulate  it;  some  believing  them  to  be  but  differ¬ 
ent  varieties  of  the  same  species,  while  others  hold  that  they  are  defi¬ 
nite  and  distinct  species  that  resemble  one  another  in  only  certain  con- 
sjiicuous  group  characteristics.  There  has  therefore  been  for  some 
time  an  active  controversy  between  the  supporters  of  these  views. 
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The  principal  obstacle  to  the  tinal  settlement  of  this  discussion 
seems  to  be  removed  by  the  discovery  by  Pfeiffer^  of  a  specific  rela¬ 
tion  between  the  serum  of  animals  immnnized  from  Asiatic  cholera 
and  the  organism  that  causes  the  disease. 

Pfeiffer  has  found  that  the  serum  of  the  blood  of  guinea-pigs  that 
have  been  rendered  immune  from  Asiatic  cholera  when  injected 
into  the  peritoneal  cavity  of  non-imniunized  animals  affords  protection 
to  them  against  intraperitoneal  inoculation  of  otherwise  fatal  doses 
of  the  cholera  spirillum  by  inducing  in  the  fissues  of  the  animal  into 
wliich  it  is  injected  a  peculiar  germicidal  power  through  which  the 
living  organisms  are  actually  disintegrated,  lie  found  further  tliat 
if  the  animal  thus  treated  be  inoculated  with  vibrios  that  are  suffi¬ 
ciently  like  the  cholera  spirillum  to  cause  suspicion,  but  which  ai’e 
not  genuine  cholera  spirilla,  as  may  have  been  rendered  probal)le  or 
certain  from  other  data,  no  such  disintegration  occurs,  or  if  the 
animal  be  inoculated  with  a  mi.xture  of  cholera  spirilla  and  other 
similar  spiral  forms,  only  the  cholera  organisms  are  destroyed. 

This  important  announcement  has  not  thus  far  been  refuted.  On 
the  other  hand,  it  has  met  with  abundant  confirmation,  especially 
through  the  investigations  of  Dunbar,"  who  has  employed  the  test  for 
diagnostic  purposes  upon  a  fairly  large  grouj)  of  susi)icious  vibrios, 
and  has  found  the  results  to  accord  with  opinions  previously  formed 
from  other  data  as  to  the  nature  of  these  organisms.  From  this  stand¬ 
point,  therefox’e,  it  seems  that  the  differentiation  between  the  several 
suspicious  species  and  the  genuine  cholera  spirillum  can  be  made  with 
certainty  and  comparative  ease  through  the  e’mployment  of  the  spe¬ 
cific  cholera  serum. 

More  recently  Pfeiffer  and  Vagedes’’  have  described  a  micro¬ 
scopic  reaction  that  occurs  when  the  cholera  spirillum  is  examined  in 
a  drop  of  serum  from  an  animal  very  highly  immunized  from  Asiatic 
cholera.  This  reaction  consists  in  almost  instantaneous  cessation  of 
motion  on  the  part  of  the  spirilla  and  their  ra[)id  conglomeration  into 
masses.  After  twenty  minut(*s  iu  the  incubator  no  mor])hological 
change  is  observed  in  the  vibrios.  After  twenty-four  hours  the  retard¬ 
ing  influence  of  the  serum  seems  to  have  disappeared  and  there  is  evi- 


A.  C.  Abbott 


421 


deuce  of  development  of  the  organisms.  They  state  that  the  motility 
of  oidy  the  cholera  spirillnm  is  inflnenced  by  this  serum. 

As  has  been  already  stated,  the  striking  morphological,  biological, 
and  pathogenic  resemblances  between  many  of  the  cholera-like  spirilla 
that  have  been  found  and  the  true  cholera  bacillus  have  led  many  to 
believe  that  they  are  nothing  more  or  less  than  varieties  or  modifica¬ 
tions  of  one  and  the  same  organism.  The  fact,  as  pointed  out  by  Dun¬ 
bar,^  that  the  most  susincious  forms  have  been  found  in  waters  of  locali¬ 
ties  in  Avhich  cholera  had  either  existed  or  appeared  subsequently 
lends  a  measure  of  sui)port  to  this  A’iew;  this,  together  Avith  the  ob¬ 
servation  that  genuine  cholera  spirilla  have  occurred  in  these  Avaters 
during  the  same  seasons  in  Avhich  the  other  varieties  Avere  detected 
serves  to  further  confirm  the  belief  in  tlie  A'ery  close  relationship  be- 
tAveen  the  several  varieties.  The  finding  of  suspicious  spirilla  in  the 
Avaters  of  Avestern  Europe  in  localities  that  have  not  been  A'isited  by 
cholera,  though  ])ointing  to  their  lack  of  identity  Avith  the  true  cholera 
bacillus,  does  not  positively  contraindicate  an  identity  under  the  condi¬ 
tions  existing  at  the  time  of  the  discovery.  AVe  must  bear  in  mind 
that  din’ing  the  past  three  or  four  years  there  have  been  nunieroAis 
outbreaks  of  the  disease  at  many  points  in  that  country,  and  one  can 
readily  conceive  of  the  transportation  of  the  genuine  cholera  spirillum 
from  places  in  Avhich  cholera  is  epidemic  to  neighbouring  localities 
free  from  the  disease  by  means  of  Avater  courses.  AATiile  this  may  re¬ 
sult  in  tlie  ju’oduction  of  cholera  there  is  also  justification  for  the  opin¬ 
ion  that  this  may  occur  Avithout  cholera  being  of  necessity  the  result 
of  such  trans|)ortation,  because  of  the  modification  in  disease-produc¬ 
ing  pr()])ertics  that  the  organism  may  experience  by  its  more  or  less 
long  sojourn  under  the  unfaA’ourable  conditions  found  in  Avater. 

It  is  ])lain,  therefore,  that  Avhile  the  test  of  Pfeiffer  demonstrates 
a  conspicuous  difference  betAveen  the  genuine  cholera  bacillus  and 
most  of  the  important  sjurilla  that  are  similar  to  it,  still  the  vieAV  held 
b}^  many  Avith  regard  to  their  identity  is  su])ported  by  pretty  strong 
arguments. 

We  must  also  not  lose  sight  of  the  fact, that  vibrios  liaA-e  been 
foAUid  and  described  as  cholera-like  tliat  Avere  undoubtedly  genuine 
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cholera  spirilla  that  had  undergone  certain  biological  and  pathogenic 
modifications. 

Without  entering  into  a  review  of  the  extensive  literature  on  the 
subject  (which  is  quoted  in  Dunbar’s  article'^),  it  will  suffice  to  say 
that  the  work  of  Pfeiffer  in  connection  with  the  specific  germicidal 
relation  of  the  serum  of  animals  immunized  from  cholera  to  the 
spirillum  that  causes  this  disease,  and  the  absence  of  such  relation 
to  other  similar  spirilla,  is  thus  far  the  only  trustworthy  contribution 
that  has  done  aught  to  satisfactorily  simplify  this  complicated  prob¬ 
lem. 

An  important  disturbing  element  in  all  the  European  investiga¬ 
tions  has  been  the  presence  of  cholera  in  the  land,  and  in  view  of 
this  it  has  occurred  to  me  that  it  would  be  of  importance  to  determine 
if  suspicious  spirilla  are  to  be  detected  in  the  surface  waters  of  coun¬ 
tries  that  have  not  been  visited,  either  recently  or  comparatively  re¬ 
motely,  by  Asiatic  cholera,  and  which  are  sufficiently  widely  separated 
from  localities  in  which  the  disease  has  been  epidemic  or  is  endemic 
to  reasonably  exclude  the  possible  importation  of  genuine  cholera 
bacilli  by  water  or  other  ways. 

Should  investigations  demonstrate  the  presence  of  suspicious 
forms  in  the  waters  of  such  places,  it  is  certain  that  they  can  play 
no  role  in  tlie  production  of  cholera.  It  is  also  reasonably  certain 
that  they  can  bear  no  immediate  relation  to  the  organism  causing 
cholera.  Such  a  discovery,  if  made,  would  serve  as  additional  evi¬ 
dence  in  favour  of  the  want  of  identity  between  the  cholera  organ¬ 
ism  and  at  least  some  forms  that  simulate  it  in  a  sufficient  number 
of  important  peculiarities  to  warrant  their  being  classed  as  sus¬ 
picious. 

With  this  in  view  a  series  of  investigations  was  begun  in  October, 
1895,  upon  the  more  polluted  portion  of  the  Schuylkill  River  in  its 
flow  through  the  city  of  Philadelphia. 

As  the  last  visitation  of  cholera  to  this  city  was  in  1873,  when 
during  the  months  of  June,  July,  and  August  there  were  eight  cases 
reported,  two  of  which  proved  fatal,  and  about  the  nature  of  all  of  which 
thei’e  is  room  for  doul)t,  the  water  of  the  river  offers  a  favourable 
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field  for  such  studies,  especially  as  it  is  at  this  part  of  its  flow  grossly 
polluted  Avith  sewage. 

As  the  result  of  studies  thus  far  made,  two  spiral  forms  have 
been  isolated,  one  of  which  is  unimportant,  as  it  possesses  none  of  the 
group  reactions  common  to  the  suspicious  varieties,  while  the  other 
is  in  every  respect,  morphological,  biological,  and  pathogenic, 
sufficiently  suggestive  of  the  cholera  group  to  be  classed  among  the 
suspicious  varieties  and  to  warrant  description  at  this  time.  The 
method  employed  for  their  isolation  is  that  now  universally  employed 
in  such  work — viz.,  the  modification  of  the  method  of  Schottelius  as 
recommended  and  applied  by  Koch.®  It  consists  in  the  addition  to 
90  cubic  centimetres  of  the  water  to  be  studied  of  10  cubic  centi¬ 
metres  of  peptone-and-salt  solution  of  ten  times  the  usvial  strength 
employed  in  ordinary  nutrient  media,  so  that  peptone  is  present  in 
the  entire  mixture  in  the  proportion  of  one  per  cent.  The  flask  is 
then  placed  in  the  incubator  at  the  temperature  of  37°  to  38°  C.  for 
from  twelve  to  eighteen  hours,  when,  without  shaking  it,  gelatin  plates 
are  made  from  the  surface  of  the  fluid.  If  spiral  forms  are  present 
they  are  usually  abundant  in  the  upper  layers  of  the  fluid,  as  may 
readily  be  seen  by  microscopic  examination.  In  from  twenty-four  to 
forty-eight  hours  the  gelatin  plates,  kept  at  from  18°  to  20°  C.,  are 
ready  for  examination.  To  one  familiar  with  the  appearance  of  the 
colonies  of  the  cholera  spirillum  at  this  stage  there  is  little  difficulty 
in  correctly  anticipating  the  results  of  microscopic  examination  of  colo¬ 
nies  having  a  similar  appearance. 

By  this  means  the  organism  about  to  be  described  has  been  iso¬ 
lated  from  the  water  of  the  Schuylkill  and  from  the  contents  of  a 
sewer  emptying  into  it,  the  mouth  of  which  is  partly  under  water  at 
high  tide. 

Pressure  of  work  lias  prevented  my  making  systematic  studies 
upon  tliis  water  with  regard  to  the  persistency  of  the  spiral  forms  in 
it,  so  that  I  can  not  say  at  this  time  that  they  are  always  present,  nor 
can  I  speak  of  seasonal  variations.  I  hope,  however,  to  obtain  data 
on  these  points  at  some  later  time. 

While  it  has  been  impossible  to  fully  identify  this  organism  with 
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any  of  the  suspicious  spirals  described  by  European  observers,  still  it 
simulates  several  of  them  so  closely  in  certain  important  details  that 
I  am  reasonably  sure  it  is  not  a  new  species,  but  rather  a  variety. 

For  convenience  of  reference  I  propose  to  call  it  Vibrio  Schuyl- 
kiliensis,  though,  I  repeat,  this  is  not  to  signify  that  it  is  considered 
as  a  distinct  species. 

Its  characteristics  are  as  follows: 

MokpholoCtY. — It  occurs  in  fresh  cultures  as  short,  rather  plump 
“  commas,”  often  with  a  very  decided  curve,  often  less  curved  and 
often  almost  straight,  though  never  quite  so  (see  Photograph,  Fig.  1). 
Its  ends  are  visually  rounded  or  slightly  pointed.  As  usually  seen,  it  is  a 
little  shorter  and  a  trifle  plumper  than  the  cholera  spirillum,  though 
this  is  a  very  variable  feature  and  means  but  little.  There  is  no 
special  tendency  to  grow  into  long  threads,  though  occasionally  spiral 
filaments,  varying  in  length  from  three  to  five  times  that  of  a  single 
comma,  may  be  encountered.  The  single  cells  frequently  join  end  to 
end  to  form  S-shaped  figures. 

It  is  especially  prone  to  undergo  degeneration,  and  involution 
forms  are  often  encountered  in  cultiires  as  young  as  sixty  to  seventy- 
two  hours.  Such  evidence  of  degeneration  is  especially  conspicuous 
in  potato  cultures  after  forty-eight  hours  at  37°  to  38°  C.  (see  Photo¬ 
graph,  Fig.  2). 

It  is  actively  motile,, and  depends  for  this  property  upon  the  pres¬ 
ence  of  a  single  flagellum  at  one  of  its  extremities.  It  does  not  form 
spores. 

Staixixg. — It  stains  with  the  ordinary  watery  solutions  of  the 
aniline  dyes;  less  readily  with  methylene  blue  than  Avith  either 
fuchsin  or  gentian  violet. 

It  is  decolourized  by  the  method  of  Gram. 

Very  Imiuently  the  staining’ lacks  uniformity.  The  single  cells 
will  ])resent  imstained  ])ortions;  sometimes  the  ])oles  only  will  be 
coloured,  the  centre  being  colourless;  at  times  the  distribution  of  the 
colour  is  more  irregular  and  marked  than  at  others.  Fresh  gelatin 
cultures  stain  somewhat  more  regularly  than  do  agar  cultures  of  the 
same  age.  Preparations  made  directly  from  the  blood  and  tissues  of 
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animals  dead  after  inoculation  with  this  organism  usually  show 
commas  that  stain  irregularly. 

Colonies  on  Gelatin. — In  ten-per-cent  nutrient  gelatin  rendered 
neutral  or  very  slightly  alkaline  to  phenoljihtalein  the  colonies  after 
twenty-four  to  thirty-six  hours  at  18°  to  20°  C.  are  fairly  uniform  in 
appearance,  their  outline  being  apparently  dependent  upon  the  num¬ 
ber  of  colonies  on  the  plate.  For  instance,  in  the  “  original  ”  plate 
where  large  numbers  are  closely  packed  together  they  appear,  when 
examined  under  the  low  power  of  the  microscope,  as  very  coarsely 
granular  masses  with  no  sharp  border,  presenting  in  general  an  ap¬ 
pearance  suggestive  of  minute  chestnut  burrs.  On  the  plates  in 
which  there  are  fewer  they  are  round,  sharply  defined,  less  coarsely 
granular,  and  have  usually  fine  irregular  markings  as  if  they  were 
creased  or  folded.  Sometimes  they  present  indistinct  concentric 
markings.  (See  Fig.  3.) 

As  growth  progresses  these  markings  may  become  more  and 
more  distinct  and  finally  give  to  the  colony  a  decidedly  lobulated 
or  mulberry-like  structure.  This  may  continue  without  alteration 
until  the  lobulations  are  so  marked  that  the  appearance  given  in  Photo¬ 
graph  8  results.  At  18°  to  19°  C.  this  stage  may  be  reached  in  from 
two  and  a  half  to  three  days.  Or,  from  the  condition  noted  at  the 
end  of  twenty-four  to  thirty-six  hours,  the  colony  may  become  a  trifle 
more  granular  and  assume  a  distinctly  concentric  arrangement  of 
/.ones,  or  a  single  zone  surrounding  a  more  or  less  uniformly  dense 
and  granular  central  mass,  such,  for  instance,  as  is  photographed  in  Fig. 
G.  This  stage  may  be  reached  in  from  forty-eight  to  seventy-two  hours 
at  18°  to  20°  C. 

Again  there  may  be  only  an  imperfect  arrangement  of  concentric 
zones;  the  central  mass  may  be  much  more  dense,  with  its  circum¬ 
ference  only  partly  defined  and  surrounded  by  a  less  dense  zone,  as 
is  shown  in  Fig.  5. 

Again  colonies  are  encountered  that  stand,  in  so  far  as  their  struc¬ 
ture  is  eoncerned,  between  the  distinctly  lobulated  colonies  and  the 
distinctly  concentric  colonies,  partaking  in  a  measure  of  both  eharac- 
teristics.  Such  a  colony  is  shoAvn  in  Fig.  7. 
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At  times  lobulated  colonies  are  seen,  the  lobulations  of  which 
are  quite  small,  and  very  different  in  their  arrangement  from  those 
shown  in  Fig.  8.  Such  a  colony  is  seen  in  Fig.  9. 

Less  frequently  colonies  will  appear  that  are  finely  granular  from 
the  beginning,  and,  beyond  a  few  indistinct  creases  or  ridges,  take  on 
no  distinctive  structure. 

After  about  the  third  or  fourth  day,  when  liquefaction  is  actively 
in  progress,  the  majority  of  the  colonies  lose  their  characteristic  ap¬ 
pearance.  They  are  then  seen  as  irregular,  ragged,  granular  masses 
lying  in  the  centre  of  pits  of  liquefied  gelatin.  These  pits  are  usu¬ 
ally  surrounded  by  a  tolerably  definite  peripheral  zone  that  may  be 
marked  by  microscopic,  cilia-like  processes,  but  which  is  more  fre¬ 
quently  irregularly  granular  at  its  edge,  as  is  seen  in  Fig.  10. 

To  the  naked  eye  the  plates  commonly  have  the  appearance  given 
by  plates  of  the  cholera  spirillum — i.  e.,  when  quite  young  those  con¬ 
taining  many  colonies  have  a  ground-glass  appearance.  As  growth 
continues,  these  plates  are  rapidly  liquefied,  usually  completely  so,  in 
from  thirty-six  to  forty  hours.  The  plates  containing  fewer  colonies 
are  uniformly  marked  by  the  third  day  with  sharply  cut,  funnel- 
shaped  depressions  filled  with  clear  liquid,  at  the  bottom  of  which 
the  dense  cream-coloured  colony  is  seen.  They  exhibit  no  marked 
tendency  to  spread  laterally,  though  sometimes  one,  sometimes  more 
colonies  will  be  observed  on  such  a  plate  that  spread  laterally  very 
rapidly,  giving  rise  to  a  saucer-shaped  area  of  liquefaction  that  strong¬ 
ly  suggests  the  growth  of  colonies  of  Deneke’s  spirillum  or  that  of 
Finkler  and  Prior. 

Sometimes  one  or  the  other  of  the  forms  described  above  will 
predominate  on  a  plate;  equally  as  often  both  lobulated  and  concen¬ 
tric  colonies  will  appear  together.  Occasionally  all  transitional  forms 
may  be  detected,  from  the  characteristic  concentidc  to  the  distinctly 
lobulated  or  dahlia-like  varieties  seen  in  the  photographs. 

Once  in  a  while,  more  especially  when  the  gelatin  has  lost  ])art 
of  its  density  through  l)eiiig  exposed  to  higher  temperatures  than 
usual,  only  an  imperfect  effort  at  characteristic  colony  configuration 
will  be  observed.  Under  these  circumstances  I  have  noticed  colonies 
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having  very  much  the  appearance  of  those  described  and  depicted  by 
Ivanoff®  for  the  colonies  of  the  spirillum  that  bears  his  name — that 
is,  they  look  as  if  they  might  be  composed  of  convoluted  threads. 

From  the  description  of  Vibrio  Metchnikovi  as  given  by  Pfeiffer,^ 
together  with  the  results  of  my  own  comparative  studies  of  that  organ¬ 
ism,  it  is  safe  to  say  that  in  so  far  as  the  appearance  of  its  colonies  in 
gelatin  is  concerned.  Vibrio  Schuylkiliensis  is  practically  identical 
with  Vibrio  Metchnikovi.  As  liquefaction  becomes  more  and  more  ad¬ 
vanced  in  the  gelatin  the  plates  give  oft’  a  most  unpleasant  odour  that 
it  is  impossible  for  me  to  describe.  The  reaction  has  now  become 
excessively  alkaline.  A  portion  of  this  alkalinity  is  due  to  the  pres¬ 
ence  of  a  volatile  alkali  which  may  readily  be  driven  oft’  by  gentle 
heating,  as  may  be  detected  by  a  bit  of  moistened  litmus  paper  held 
•over  the  plate.  There  is  also  an  increase  in  the  fixed  alkalinity,  for 
by  higher  heating,  even  boiling,  the  reaction  is  still  seen  to  be  much 
more  alkaline  than  is  the  case  with  the  uninoculated  gelatin.  By 
the  addition  of  sulphuric  acid  to  the  liquefied  gelatin  in  the  plates  a 
very  bright,  cherry-red  colour  is  produced,  evidently  due  to  the  pres- 
■ence  of  indol. 

Gelatin  Stab  Cultures. — In  the  form  of  stab  cultures  in  gela¬ 
tin  the  appearance  of  the  growth  is  essentially  that  of  the  cholera 
spirillum.  It  is  usually  a  little  more  rapid,  but  at  times  is  practically 
identical  with  it. 

At  the  end  of  three  and  a  half  to  four  days  there  is  the  character¬ 
istic  cup-shaped  liquefaction,  capped  by  the  so-called  air  bubble.  The 
growth  continues  downward  as  a  fine  line  along  the  track  made  by  the 
needle.  In  seven  or  eight  days  the  relative  proportions  of  this  picture 
remain  about  the  same,  though  the  figure  made  by  the  growth  has 
become  magnified.  In  three  weeks  the  characteristic  appearance  of 
the  growth  has  disappeared.  The  gelatin  in  the  tube  is  from  one 
half  to  two  thii*ds  liquefied,  the  liquid  is  covered  by  a  dense  pellicle, 
and  at  the  bottom  is  a  dense  cream-coloured  mass  that  is  often  twisted 
or  root-like.  See  Photograph,  Fig.  11,  a,  b,  c.) 

Growth  on  Agar-aoar. — On  meat-infusion  agar-agar  contain¬ 
ing  two  per  cent  of  agar  and  neutral  or  slightly  alkaline  to  phenol- 
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plitaleiii,  growth  is  very  rapid  at  body  temperature.  In  twenty-four 
hours  the  colonies  will  range  from  1.5  to  2  millimetres  in  diameter. 
They  are  not  especially  characteristic  in  appearance  at  this  time,  being 
simply  smooth,  lustrous,  and  opaque.  After  forty-eight  to  sixty 
hours  they  are  usually  more  dry,  occasionally  a  little  wrinkled,  with 
at  times  something  of  a  concentric  arrangement  of  wrinkled  zones. 
The  character  of  the  growth  on  agar-agar  varies  with  the  conditions 
ottered  by  the  medium.  For  instance,  in  meat-infusion  agar-agar 
rendered  neutral  or  slightly  alkaline  to  phenolphtalein  (35  to  37  cubic 
centimetres  of  normal  KOH  to  the  litre)  the  growth  after  twenty- 
four  hours  at  37°  to  38°  C.  is  very  voluminous,  appearing  as  an  opaque, 
smooth,  moist  glistening  layer.  After  forty-eight  hours  it  is  drier, 
becomes  more  and  more  wrinkled,  especially  at  the  bottom  of  the 
tube,  and  often  extends  in  the  form  of  a  dense  pellicle  over  the  water 
of  condensation  in  the  bottom  of  the  tube.  This  pellicle  is  usually 
pushed  a  short  distance  iq3  the  sides  of  the  tube.  When  one  inspects, 
this  growth  by  the  aid  of  a  wire  loop  it  is  frequently  found  to  be  in 
its  entirety  a  zoogloea  or  pellicle  that  can  be  easily  aiid  cleanly  stripped 
from  the  surface  of  the  agar  practically  en  masse.  It  holds  together 
tenaciously  and  can  be  broken  up  in  ttuid  only  Avith  trouble,  and  then 
not  completely.  As  the  culture  becomes  older  the  growth  gradually 
takes  on  a  dirty,  coffee  colour.  These  cultures  give  off  a  most  pro 
nounced  odour  of  indol. 

On  agar-agar  made  from  meat  extract  and  rendered  neutral  to 
litmus  paper  the  growth  is  much  less  voluminous  and  is  not  seen  to 
adhere  together  in  the  zoogloea-like  way  referred  to  above. 

Blooi*  Serum. — The  groAvth  of  the  spirillum  on  blood  serum,, 
made  either  according  to  the  formula  of  Loeftter  or  in  the  ordinary 
way,  after  twenty-four  hours  at  body  temperature  appears  as  a  line 
of  depression  that  does  not  tend  to  spread  laterally.  This  continues 
until  there  is  a  distinct  track  of  liquefaction  marking  the  course  of 
the  development.  As  growth  continues  this  becomes  more  and  more 
conspicuous,  and  finally  takes  on  a  dirty,  brown  coloiir.  The  liquid 
that  collects  at  the  lower  part  of  the  tiibe  is  covered  Avith  a  dense 
pellicle. 
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Bouillox. — Bouillon  becomes  uniformly  clouded  in  twenty -four 
liours  at  body  temperature.  Its  reaction  becomes  more  alkaline  as 
growth  progresses.  A  pellicle,  at  first  delicate,  later  denser,  always 
characterizes  the  growth  in  this  medium. 

Potato. — On  potato  of  normal  reaction  the  growth  after  forty- 
eight  hours  at  body  temperature  is  very  slight.  At  the  point  of  inocu¬ 
lation  there  is  a  thin,  glazed,  more  or  less  dirty  yellow  shading  to  a 
brownish  deposit  that  is  at  times  surrounded  by  a  flat,  dry,  lustre¬ 
less  zone,  but  more  frequently  this  zone  is  absent.  On  microscopic 
examination  the  organisms  composing  this  growth  are  found  to  be 
commas  in  all  stages  of  involution.  As  these  cultures  become  very 
old  (two  weeks  or  more)  the  growth  seems  to  have  sunk  slightly  into 
the  potato. 

Litmus  Milk. — In  fresh  milk  containing  a  few  drops  of  blue-lit¬ 
mus  tincture  a  slight  reddish  tinge  appears  after  twenty-four  hours 
at  body  temperature.  After  forty-eight  hours  this  red  colour  is  usu¬ 
ally  increased,  and  at  times  there  is  coincident  coagulation  of  the  milk, 
though  this  is  not  always  the  case.  There  is  but  little  increase  of  the 
red  colour  after  the  third  day. 

Peptoxe  Solutiox. — In  the  ordinary  one-per-cent  peptone  solu¬ 
tion  growth  is  rapid  and  is  usually  accompanied  by  a  pellicle  on  the 
surface  of  the  fluid. 

After  twenty-four  hours  at  body  temperature  a  brilliant  indol 
reaction  may  be  obtained  in  these  cultures  by  the  addition  of  sul¬ 
phuric  acid  alone.  A  similar,  though  usually  less  intense,  reaction 
may  often  be  obtained  under  these  circumstances  after  as  short  a  time 
as  six  to  eight  hours  at  37°  to  38°  C. 

In  peptone  solution  containing  three  or  four  drops  of  blue-litmus 
tincture  to  10  cubic  centimetres  of  the  solution  there  is  seen,  after 
twenty-four  hours  at  body  temperature,  an  almost  complete  decolora¬ 
tion  of  the  lower  layers  of  the  fluid.  This  extends  no  farther  up¬ 
ward,  as  a  rule,  than  the  junction  of  the  lower  with  the  middle  third 
of  the  solution.  The  upper  part  of  the  fluid  retains  its  original  blue 
colour.  AVhen  such  a  culture  is  gently  shaken  the  entire  fluid  be¬ 
comes  blue.  After  a  week  or  ten  days  a  dense  pellicle  is  present 
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and  the  tone  of  the  solution  is  somewhat  greenish,  or  greenish  blue. 
The  colour  of  the  solution  never  entirely  disappears,  though  the  lower 
decolourized  zone  is  sometimes  greater  than  at  others.  In  peptone 
solution  containing  ten  drops  of  rosolic-acid  solution  to  10  cubic  centi¬ 
metres  of  tlie  medium  there  occurs,  in  addition  to  the  pellicle  forma¬ 
tion,  at  first  a  slight  diminution  of  the  colour;  this  is  followed  by 
a  low  degree  of  intensification,  and  at  the  end  of  ten  days  the  solution 
is  usually  of  an  orange-red  colour. 

Fermentation. — When  cultivated  in  the  fermentation  tube  in 
bouillon  containing  two  per  cent  of  glucose  at  body  temperature, 
growth  is  abundant,  though  no  fermentation  with  liberation  of  gas 
occurs. 

Kelation  to  Gases. — It  is  facultative  in  its  relation  to  oxygen, 
though  in  an  atmosphere  devoid  of  this  gas  its  growth  is  slower  and 
less  voluminous  than  when  it  has  access  to  oxygen.  This  is  a  little 
less  apparent  with  Buchner’s  pyrogallic-acid  method  than  with  the 
hydrogen  method  in  sealed  tubes. 

In  fluid  media  under  an  atmosphere  of  carbon  dioxide  in  sealed 
tubes  no  growth  is  observed  after  seven  or  eight  days  at  body  tempera¬ 
ture — probably  because  of  the  acidity  of  the  medium  due  to  absorp¬ 
tion  of  the  gas. 

Relation  to  Temperature. — It  grows  most  luxuriantly  at  from 
37°  to  38°  C.  Growth  is  hardly  perceptible  at  10°  C.  It  is  destroyed 
by  an  exposure  of  five  minutes  to  50°  C.,  though  it  Avithstands  this 
temperature  for  from  one  half  to  one  minute. 

Pathogenesis. — The  pathogenic  activities  of  this  organism  are 
most  consjiicuously  seen  in  pigeons  and  guinea-pigs,  both  of  which 
are  uniformly  susceptible  to  infection  by  it.  In  a  few  instances  in 
which  rabbits  and  grown  chickens  have  been  inoculated  they  have 
shown  themselves  to  be  naturally  immune  from  relatively  large  doses. 
Mice  may  be  infected  with  comparatively  small  doses  by  subcutane¬ 
ous  injection.  If  the  dose  be  large  they  die  within  a  few  hours, 
evidently  as  a  result  of  the  toxic  rather  than  the  infective  action  of 
the  material  used. 

In  determining  the  pathogenic  powers  of  this  organism  at  the 
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time  it  was  obtained  from  the  river,  it  was  soon  manifest  that  posi¬ 
tive  results  were  to  be  obtained  only  through  the  employment  of 
relatively  large  doses,  as  it  was  of  comparatively  low  virulence.  To 
meet  this  requirement  a  platinum-wire  loop  having  a  capacity  of  6 
milligrammes  of  a  fresh  agar  culture  was  made,  and  with  this  loop 
the  suspensions  used  have  been  made  throughout  the  entire  series 
of  experiments.  For  convenience  of  reference  I  have  designated  a 
suspension  made  by  finely  dividing  one  of  such  loopfuls  of  a  culture 
in  1  cubic  centimetre  of  peptone  solution  as  a  “  normal  suspension  ” — 
and  such  will  be  understood  when  a  normal  suspension  is  referred 
to  in  the  following  part  of  this  article.  In  only  a  few  cases  were 
fluid  cultures  used. 

Inoculation  of  Pigeons. — When  inoculated  with  the  Vibrio 
Schuylkiliensis  pigeons  may  or  may  not  die.  The  circumstances  that 
determine  the  results  of  inoculation  are  dose  and  mode  of  introducing 
the  organisms.  When  doses  of  from  0.2  to  0.3  cubic  centimetre  of 
a  normal  suspension  (equivalent  to  1.2  to  1.8  milligramme  of  a  solid 
culture)  are  injected  into  the  pectoral  muscle  of  pigeons  death  re¬ 
sults  in  from  sixteen  to  eighteen  hours  almost  without  exception, 
whereas  if  the  solid  culture  be  rubbed  into  a  superficial  wound  of  this 
muscle  (a  pocket  beneath  the  deep  fascia)  in  such  large  amounts  as  2 
to  4  milligrammes,  only  a  portion  of  the  animals  succumb.  For  ex¬ 
ample:  Of  eighteen  pigeons  into  the  pectoral  muscle  of  which  normal 
suspensions  of  this  organism  Avere  injected  in  doses  ranging  from 
0.1  to  0.5  cubic  centimetre  (equal  to  O.C  and  3  milligrammes  of  solid 
culture  respectively),  fifteen  died  and  three  recovered.  Those  that  re¬ 
covered  had  received  0.15,  0.25,  and  0.3  cubic  centimetre  each  (equal 
to  0.9,  1.5,  and  1.8  milligramme  of  solid  culture  respectively).  Of 
six  pigeons  into  the  pectoral  muscle  of  each  of  which  1  cubic  centi¬ 
metre  of  a  twenty-four-hour-old  culture  in  peptone  solution  Avas  in¬ 
jected,  all  died  in  less  than  seventeen  hours. 

Of  eight  pigeons  inoculated  by  rubbing  the  solid  culture  into  a 
superficial  AA'ound  of  the  muscle  beloAv  the  deep  fascia,  only  tAvo 
died.  Those  that  died  had  received  6  milligrammes  each  of  the 
solid  culture;  of  those  that  recovered,  four  had  also  received  G 
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milligrainines  and  two  smaller  doses — viz.,  1.8  and  3  milligrammes, 
respectively. 

On  several  occasions  an  attempt  was  made  to  infect  pigeons  by 
introducing  into  the  muscle  a  bit  of  the  necrotic  muscle  removed  at 
autopsy  from  pigeons  dead  after  this  form  of  infection,  and  though 
relatively  large  pieces  (about  ^  cubic  centimetre)  were  introduced, 
death  did  not  follow  in  a  single  instance.  If,  however,  an  infusion  be 
made  in  peptone  solution  from  a  similar  bit  of  necrotic  muscle,  and 
this  be  injected  into  the  pectoral  muscle  of  a  pigeon,  death  follows 
with  a  fair  degree  of  regularity. 

IVhen  death  ensues  from  either  mode  of  inoculation  the  most 
conspicuous  lesion  found  at  autopsy  is  that  localized  about  the  site 
of  inoculation.  By  superficial  inspection  the  inoculated  muscle  is 
usually  seen  to  be  swollen,  the  skin  over  it  being  somewhat  tense. 
On  stripping  back  tlie  skin  an  oedematous  condition  of  the  subcutane¬ 
ous  tissue  is  usually  observed;  at  times  this  is  very  marked  and  may 
extend  well  down  along  the  sides  and  over  the  thighs.  Occasionally 
it  is  absent.  The  oedematous  fluid  is  commonly  of  a  bright-red  colour. 
The  diseased  muscle  is  marked  by  parallel  yellow  striations  that  run 
in  the  direction  of  the  muscle  fibres.  Sometimes  these  yellow  lines 
will  be  lying  together  as  a  single  narrow  or  broader  zone  that  com¬ 
pletely  traverses  the  thorax,  having,  apparently,  healthy  tissue  on 
either  side  of  it.  Frec^uently  the  entire  muscle  will  be  marked  by 
these  yellow  lines,  and  in  consequence  will  present  a  more  or  less  uni¬ 
formly  pale  appearance.  On  incising  the  muscle  it  is  found  to  be 
mottled  tlu'oughout  with  yellow  and  red  necrotic  areas;  this  condi¬ 
tion  extends  down  to  the  sternum  and  involves  the  underlying  mus¬ 
cles.  Fhiid  may  or  may  not  exude  from  the  cut  surfaces.  By  micro¬ 
scopic  examination  of  cover  slips  from  the  necrotic  area  it  is  found 
to  be  everywhere  invaded  by  comma-shaped  vibrios  in  large  numbers. 
The  corresponding  pectoral  muscle  on  the  opposite  side  is  never  found 
to  be  affected.  It  is  normal  in  colour  and  size,  even  though  the  inocu¬ 
lated  muscle  may  be  markedly  affected  close  up  to  the  ridge  of  the 
sternum. 

The  heart  is  contracted,  and  is  usually  found  to  contain  coagulated 
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or  partly  coagulated  blood.  The  ventricles  always  contain  much  less 
blood  than  do  the  auricles.  The  lungs  and  kidneys  are  normal.  xVt 
times  the  spleen  may  be  a  trifle  large,  though  it  is  never  markedly 
affected.  The  liver  is  dark  in  colour,  sometimes  mottled  with  diffuse 
lighter  areas,  but  is  otherwise  normal. 

The  intestines  show  no  departure  from  the  normal  as  a  rule; 
sometimes  there  may  be  one  or  two  limited  areas  of  injection. 

By  both  microscopic  and  culture  methods  vibrios  are  found  in 
very  large  nimibers  at  and  about  the  site  of  inoculation,  practically 
everywhere  in  the  diseased  muscle.  In  fresh  autopsies  they  are 
rarely  numerous  in  the  blood  and  internal  organs,  though  they  are 
to  be  found  there  in  nearly  all  cases.  For  example:  In  fifteen  autop¬ 
sies,  taken  at  random  from  my  notes,  the  average  number  of  colonies 
that  developed  from  one  loopful  of  blood  from  the  heart  was  twenty- 
eight;  in  at  least  six  other  cases  the  number  of  colonies  ran  over  two 
hundred,  Avhile  in  one  or  two  instances  only,  the  cultures  from  the 
blood  were  sterile.  There  is  often  such  a  small  number  in  the  blood 
that  one  may  fail  to  find  them  by  microscopic  examination,  though 
by  culture  methods  they  are,  as  is  seen  above,  generally  to  be  found. 

At  autopsies  made  some  time  after  death — ten  to  fifteen  hours — 
when  the  dead  animal  has  been  allowed  to  lie  in  a  warm  place  the 
number  of  organisms  in  the  blood  is  always  greater,  and  if  one  places 
in  the  incubator  the  heart  of  a  pigeon  in  which  few  or  no  vibrios 
are  to  be  found  microscopically,  after  a  few  hours  the  blood  from  it 
will  be  found  to  contain  them  in  enormous  numbers. 

At  fresh  autopsies*  the  internal  organs  are  also  found  to  be  rela- 
tiv'ely  poor  in  bacteria. 

The  pathological  lesions  observed  in  pigeons  dead  after  inocula¬ 
tion  with  this  organism  arc  so  conspicuously  similar  in  most  of  their 
important  details  to  those  resulting  from  inoculation  Avith  virulent 
cultures  of  Vibrio  MetchnikoA’i  that  it  is  impossible  to  rid  one’s  self 

*  When  ])OSsible,  these  autopsies  were  made  immediately  after  death. 
When  this  was  not  feasible  the  animals  were  placed  either  in  the  ice  chest 
or  at  an  equally  low  temperature  as  soon  as  they  were  found  dead,  and  were 
kept  tliere  until  the  post-mortem  examination  could  be  made. 

29 
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of  the  opinion  that  Yibrio  Schuylkiliensis  may  perhaps  be  only  an 
attenuated  Vibrio  Metchnikovi.  To  decide  this  point  an  effort  was 
made  to  increase  the  virulence  of  the  former  organism,  and  though  I 
have  not  as  yet  (up  to  April  23,  1890)  been  able  to  bring  its  virulence 
up  to  anything  like  the  degree  possessed  by  Vibrio  IMetchnikovi,  it 
has  still  been  increased  to  a  point  considerably  beyond  that  given  in 
the  preceding  statistics. 

The  method  employed  for  increasing  the  virulence  was  that  of 
passing  the  organism  through  a  series  of  susceptible  animals.  After 
passing  it  through  a  series  of  twenty  pigeons,  each  having  been  inocu¬ 
lated  with  the  first  generation  on  agar-agar  from  the  tissues  of  a  dead 
pigeon,  its  virulence  was  found  to  be  about  doubled  when  suspensions 
were  employed,  and  about  trebled  when  the  solid  culture  was  em¬ 
ployed.  Thus,  for  instance,  from  the  twentieth  pigeon  of  the  series 
twelve  pigeons  were  inoculated.  Six  received  varying  doses  of  a  nor¬ 
mal  suspension,  and  six  were  inoculated  by  rubbing  different  amounts 
of  the  solid  culture  into  a  superficial  wound  of  the  pectoral  muscle 
below  the  deep  fascia.  The  results  were  as  follows; 

Pigeon  I  received  O'l  cubic  centimetre.  Died  in  27  hours. 

II  “  “  “  “  Died  in  less  than  11  hours. 

III  “  0-2  “  “  “  “  20  “ 

IV  “  “  “  “  “  “  20  “ 

V  “  0'.3  “  “  “  “  20  “ 

VI  “  “  “  “  “  “  11  “ 

Kesults  of  inoculating  pigeons  with  the  same  culture,  but  instead 
of  injecting  it  as  a  suspension  it  was  rubbed  into  a  superficial  wound 
of  the  pectoral  muscle : 

Pigeon  VII  received  2  milligrammes.  Had  no  effect. 

VllI  “  2  “  Died  in  less  than  20  hours. 

IX  “  4  “  Died  in  24  hours. 

X  “  4  “  Died  in  less  than  20  hours. 

XI  “  6  “  Had  no  effect. 

XII  “  0  “  Died  in  less  than  20  hours. 

The  injection  of  the  normal  suspension  proved  fatal,  as  we  see, 
in  all  of  the  six  pigeons,  including  those  that  received  the  dose  of 
0.1  cubic  centimetre  (equal  to  O.C  milligramme  of  solid  culture). 
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while  of  those  that  got  the  solid  culture,  four  succumbed,  death  having 
resulted  in  one  of  these  from  the  dose  of  2  milligrammes.  Though 
the  doses  used  throughout  this  experiment  are  relatively  large,  still 
the  smallest  of  them  is  smaller  than  any  that  had  hitherto  proved  fatal 
to  pigeons  by  the  methods  of  inoculation  that  were  employed.  It 
does  not  seem  uidikely,  therefore,  that  by  the  further  passage  of 
Vibrio  Schuylkiliensis  through  susceptible  animals  we  may  at  last 
reach  a  still  higher  degree  of  virulence;  in  short,  establish  its  patho¬ 
genic  identity  with  Vibrio  Metchnikovi,  the  organism  with  -sdiich  it 
possesses  so  many  other  points  in  common. 

IxocuLATiox  OF  Gutxea-pigs. — Guinca-pigs  are  susceptible  to  the 
pathogenic  activities  of  this  organism  by  both  subcutaneous  and  intra- 
peritoneal  inoculation. 

By  Subcutaneous  Inoculation. — The  fatal  dose  for  guinea-pigs 
varies,  according  to  the  weight  of  the  animal,  from  0.3  to  0.5  cubic 
centimetre  of  a  normal  suspension  of  a  twenty-four-hour-old  agar  cul¬ 
ture.  After  inoculation  with  this  dose  death  ensues  in  from  twelve  to 
eighteen  hours. 

At  autopsy  the  tissues  about  the  site  of  inoculation  are  much  in¬ 
jected,  and  usually  moderately  cedematous.  Frequently  the  subcu¬ 
taneous  oedema  is  very  Avidcspread,  sometimes  it  is  much  less  marked. 

The  subcutaneous  lymphatic  glands,  both  inguinal  and  axillary, 
are  red  and  enlarged. 

Asa  rule,  there  is  more  or  less  reddening  of  the  peritonaeum  be¬ 
neath  the  point  of  inoculation,  with  at  times  general  peritonitis.  This 
may,  however,  be  absent.  AVlien  present  it  is  characterized  by  the 
accumulation  of  a  small  amount  of  fluid  iu  the  peritoneal  cavity  and 
by  the  presence  of  isolated  patches  of  flbrino-purulent  material  scat¬ 
tered  over  the  surface  of  the  liver,  spleen,  omentum,  and  the  coils 
of  intestine.  On  microscopic  examination  this  inflammatory  deposit 
is  found  to  be  rich  in  leucocytes,  to  contain  a  few  endothelial  cells, 
and  to  be  invaded  by  vibrios  in  lai’gc  number. 

As  a  rule  the  mucous  membrane  of  the  intestines  is  not  inflamed, 
though  once  in  a  while  they  are  found  quite  red  and  fllled  with  dark, 
red-brown,  semi-fluid  contents;  sometimes  small  areas  of  redden- 


436  Significance  of  Pathogenic  Spirilla  in  American  Surface  Waters 


ing  will  be  detected,  the  rest  of  the  gut  being  normal.  The  serous 
surface  is  commonly  injected,  as  is  practically  the  whole  serous  surface 
within  the  abdominal  cavity. 

The  liver  may  be  paler  than  usual;  it  may  be  more  or  less  mot¬ 
tled,  or,  as  is  more  frequently  the  case,  present  no  macroscopic  depar¬ 
ture  from  normal.  The  gall  bladder  may  be  normal,  or  it  may  contain 
pale,  thin,  straw-coloured  bile.* 

The  kidneys  and  adrenal  bodies  are  usually  acutely  congested, 
especially  the  latter.  The  heart  is  filled  with  fiuid  blood.  The  lungs 
and  spleen  are,  as  a  rule,  normal.  The  retroperitoneal  lymph  glands 
are  red  and  enlarged.  When  peritoneal  involvement  is  not  present 
in  these  cases  the  great  serous  cavities  contain  no  excess  of  fluid. 

Cultures  from  the  site  of  inoculation  always  reveal  the  vibrios 
in  large  number.  Those  from  the  blood  and  internal  organs  may  be 
sterile,  they  may  all  contain  vibrios  in  small  number,  or  colonies  may 
appear  on  some  tubes  while  others  are  sterile.  It  is  rare  that  colonies 
in  large  number  appear  on  any  but  the  tubes  from  the  site  of  inocula¬ 
tion.  When  peritonitis  occurs  as  an  accompaniment  of  subcutaneous 
inoculation  vibrios  are  present  in  the  peritonaeum  in  large  number. 

When  death  does  not  occur  for  from  fifty  to  sixty  hours  after  in¬ 
oculation,  as  is  sometimes  the  case  when  small  doses  have  been  used, 
the  blood  and  internal  organs  are  found  to  be  sterile,  though  living 
vibrios  may  in  some  instances  be  recovered  from  the  site  of  inocula¬ 
tion. 

When  the  subcutaneous  dose  has  not  been  sufiiciently  large  to 
cause  death,  a  painful  ti;mefaction  almost  always  occurs  about  the 

*  Animals  that  survive  inoculation,  both  subcutaneous  ami  intra-peri- 
toneal,  for  several  days,  and  those  in  which  death  has  occurred  only  after 
repeated  inoculation  with  small  doses  of  the  living  culture,  or  the  toxine 
derived  from  old  cultures,  always  present  a  conspicuous  condition  of  the  gall 
bladder  and  its  contents.  The  gall  bladder  is  distended,  commonly  very  much 
so,  with  very  pale,  straw-coloured,  watery  bile,  in  which  float  numerous  yel¬ 
lowish  flakes  of  amorjdious  material.  By  culture  tests  the  bile  is  found  to 
be  sterile.  These  animals  are  also  markedly  emaciated.  A  somewhat  similar 
condition  of  the  bile  has  been  observed  by  Blachstein  (Johns  Hopkins  Hos¬ 
pital  Bulletin,  Jiilj',  1891)  in  rabbits  dead  after  chronic  infection  with  bacil¬ 
lus  coli  communis.  I  have  not,  however,  noticed  the  peculiar  necroses  of  the 
liver  that  occurred  in  Blachstein’s  cases. 


A.  C.  Abbott 


437 


site  of  injection.  This  lasts  for  several  days,  growing  gradually 
smaller  and  less  tender  from  day  to  day.  Finally  the  overlying 
skin  sloughs  away  and  leaves  an  open  ulcer.  This  readily  heals  under 
a  scab  unless  intercurrent  infection  occurs. 

By  Intrapekitoneal  Inoculation. — The  fatal  dose  for  guinea- 
pigs  varies  from  0.4  to  0.5  cubic  centimetre  of  a  normal  suspension 
made  from  a  twenty-four-hour-old  agar  culture. 

AVhen  a  dose  not  much  above  the  certainly  fatal  amount  is  em¬ 
ployed  death  occurs  in  from  eighteen  to  twenty-two  hours.  It  is  at 
times  a  little  later  or  a  little  earlier  than  this.  When  a  much  larger 
dose  is  used  death  may  occur  in  as  short  a  time  as  four  or  five  hours. 

The  condition  of  the  animal  after  inoculation  is  characterized 
by  a  gradually  increasing  condition  of  bodily  depression  that  is  ac¬ 
companied  by  a  conspicuous  fall  in  the  rectal  temperature.  The  fall 
in  temperature  begins  usually  in  about  an  hour  to  an  hour  and  a  half 
after  the  inoculation  and  continues  steadily  until  death,  by  which  time 
the  temperature  may  have  fallen  to  as  low  as  27°  to  28°  C.  In  one 
instance  I  saw  the  rectal  temperature  as  low  as  26.2°  C.  fifteen  min¬ 
utes  before  death.  Sometimes  there  is  a  temporary  rise  in  tempera¬ 
ture  for  a  short  time  after  inoculation;  this  is,  however,  quickly  fol¬ 
lowed  by  a  gradual  decline. 

The  general  appearance  of  the  animal  is  characteristic.  It  at  first 
sits  quietly  in  its  cage,  its  hair  becomes  roughened,  then  its  extremi¬ 
ties  are  periodically  extended,  it  settles  on  its  belly  on  the  bottom  of 
the  cage,  often  with  its  hind  legs  fully  extended;  from  time  to  time 
there  is  convulsive  jerking,  and  more  or  less  constant  trembling  is  seen 
for  an  hour  or  more  preceding  death.  Respiration  is  accelerated, 
the  nose  and  feet  are  cool,  the  abdomen  is  very  sensitive  to  the  touch 
and  is  moderately  tense.  When  found  dead  the  animal  is  usually  flat 
upon  its  belly  with  legs  stretched  out  behind  it  and  its  nose  in  the  corner 
of  the  cage. 

At  autopsy  the  most  conspicuous  lesions  ai*e  those  of  the  peri¬ 
tonaeum.  It  usually  contains  a  few  cubic  centimetres  of  clear  tena¬ 
cious  fluid.  Over  the  surface  of  the  liver,  spleen,  omentum,  and  intes¬ 
tines  are  scattered  small  patches  of  fibrino-purulent  material.  On 
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microscopic  examination  these  are  seen  to  consist  very  largely  of  leuco¬ 
cytes,  Avitli  an  occasional  endotlielial  cell.  If  the  dose  has  been  just 
sufficient  to  cause  death,  numerous  stained  granules  are  also  present; 
these  are  seen  lying  both  free  and  within  the  bodies  of  leucocytes. 
Typical  vibrios  are  not  detected,  as  a  rule.  If  the  dose  has  been  very 
large,  microscopic  examination  reveals  the  presence  of  vibrios  in 
large  number.  Often  both  typical  vibrios  and  irregular  stained 
granules  are  to  be  seen  together.  Occasionally  more  or  less  degener¬ 
ated,  though  still  recognisable,  vibrios  are  found  witliin  the  bodies  of 
leucocytes.  The  pleural  cavity  may  also  contain  a  small  amount  of 
fluid  in  Avhich  leucocytes  and  stained  granules  are  to  be  seen  by 
microscopic  examination. 

The  surface  of  the  liver  is  irregularly  coA-ered  Avith  a  thin  deposit 
of  flbrino-purulent  material;  otherAvise  the  organ  appears  normal. 

The  serous  surfaces  of  the  intestines,  as  Avell  as  the  serous  sur¬ 
faces  generally  Avithin  the  abdominal  cavity,  especially  the  omenttAin, 
are  more  or  less  injected.  Sometimes  this  is  quite  marked,  Avhile 
again  it  may  be  very  limited  in  degree.  The  mucous  membrane  of 
the  intestines  is  not  usually  inflamed. 

The  heart  is  relaxed  and  filled  Avith  fluid  blood.  The  lungs  are 
normal.  Beyond  a  A’arying  degree  of  congestion  the  other  organs 
shoAV  no  macroscopic  changes. 

By  both  microscopic  and  culture  methods  the  peritomeum  and 
internal  organs  are  usually  found  to  be  sterile,  or  practically  so,  Avhen 
the  dose  injected  into  the  animal  does  not  exceed  the  minimum  lethal 
dose.  If  the  dose  is  large,  the  peritona3um  contains  living  Aubrios  in 
enormous  numbers.  Cultures  from  the  blood  and  internal  organs  may 
reveal  the  presence  of  vibrios,  though  they  usually  occur  in  relatn^ely 
small  number  in  the  blood;  in  a  foAv  cases  I  have  found  the  blood 
to  be  sterile.  Should  death  be  postponed  for  forty-fiA^e  to  fifty  hours, 
the  peritoneal  cavity,  blood,  and  internal  organs  are  sterile. 

Inoculation  of  Mice. — The  studies  upon  mice  have  not  been  as 
extensiA^e  as  those  upon  pigeons  and  guinea-pigs,  but  they  have  been 
sufficient  to  justify  the  folloAving  statements:  The  results  of  sub¬ 
cutaneous  inoculation  of  mice  AA’ith  this  organism  depend  upon  the 
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size  of  the  dose  employed.  If  very  small  doses  be  employed  it  is  pos¬ 
sible  to  cause  death  with  all  the  evidences  of  a  general  infection, 
whereas  if  the  dose  be  very  large  death  occurs  within  a  few  hours 
and  is  manifestly  the  result  of  the  toxic  rather  than  the  infective 
action  of  the  material  used.  For  example:  Of  two  mice  into  the  sub¬ 
cutaneous  tissues  of  which  (at  the  root  of  the  tail)  0.05  ciibic  centi¬ 
metre  of  a  twenty-four-hour-old  bouillon  culture  was  injected,  one 
died  in  twenty-four  hours  and  a  half,  and  the  other  recovered  with  a 
slough  of  the  shin  over  the  point  of  inoculation.  At  autopsy  upon 
the  one  that  died  no  macroscopic  lesions  were  noticed  beyond  a  slight 
oedema  surroiinding  the  reddened  tissues  at  the  site  of  injection.  Cul¬ 
tures  from  this  animal  revealed  the  presence  of  vibrios  at  the  site 
of  inoculation  in  large  number,  and  in  the  blood,  liver,  spleen,  and 
kidneys  in  smaller  numbers.  If  a  much  larger  dose  be  employed, 
such,  for  instance,  as  0.5  cubic  centimetre  of  a  similar  culture,  death 
occurs  very  rapidly,  eviolently  the  resitlt  of  acute  intoxication.  Of 
two  mice  into  the  subcutaneous  tissues  of  each  of  which  such  a  dose 
was  injected,  one  died  in  four  hours  and  fifteen  minutes  and  the  other 
in  foiir  hours  and  twenty-five  minutes  after  the  treatment.  At  au¬ 
topsy  on  these  animals  little  beyond  a  red  and  swollen  condition  of  the 
subcutaneous  lymphatic  glands  was  observed.  Cultures  revealed 
the  presence  of  vibrios  at  the  site  of  inoculation  and  in  the  internal 
organs. 

The  course  of  the  disease  and  the  post-mortem  conditions  found 
in  all  animals  leave  little  room  for  doubt  that  death  results  more  from 
the  toxic  activities  of  the  organism  than  from  its  powers  of  general  in¬ 
fection,  though  it  nevertheless  possesses  this  latter  property.  Notwith¬ 
standing  this  I  have  not  been  able  to  produce  death  of  susceptible 
animals  by  the  injection  of  dead  cultures,  killed  by  either  chloroform 
or  heat,  in  doses  of  several  fold  that  of  the  living  cultures,  or  by 
moderately  large  doses  (1  cubic  centimetre)  of  the  filtrate  from 
twenty-four-hour  to  thirty-six-hour  bouillon  culti;res  that  were  filtered 
through  porcelain.  Old  fluid  cultures — thirty-five  to  forty-five  days 
of  age — even  when  killed  by  chloroform,  are  highly  toxic,  and  Avith 
them  the  characteristic  lesions  and  death  may  readily  be  produced. 
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Imjiuxity. — Scarcity  of  time  at  my  disposal  has  prevented  me 
from  making  a  complete  or  systematic  study  of  Vibrio  Schuylkiliensis 
from  this  standpoint.  Incidentally,  however,  a  suflicient  number  of 
observations  have  been  made  to  indicate  a  striking  analogy  between 
its  protecting  properties  and  those  exhibited  by  the  other  suspicious 
spirilla  embraced  in  this  group. 

Briefly  stated,  the  results  of  these  observations  are  as  follows:  In 
both  pigeons  and  guinea-pigs  immunity  from  relatively  large  doses 
of  this  organism  may  readily  be  induced  either  through  the  induction 
of  tolerance  to  the  poison  contained  in  old  dead  cultures  (destroyed 
by  chloroform)  or  by  the  repeated  employment  of  non-fatal  doses  of 
living  cultures. 

A  single  inoculation  of  either  a  pigeon  or  a  guinea-pig  with  a  non- 
fatal  dose  of  living  culture  confers  a  condition  of  immunity  that  en¬ 
ables  the  animal  to  withstand  a  subsequent  inoculation  of  from  two 
to  three  times  the  minimal  fatal  dose.  This  immunity  lasts  for  at 
least  twelve  days,  and  often  longer.  The  phenomenon  is  especially 
marked  in  pigeons.  An  interesting  process  is  often  observed  in  the 
course  of  efforts  to  immunize  guinea-pigs  by  intraperitoneal  inocula¬ 
tion.  If  a  guinea-pig  be  inoculated  by  this  method  with  a  dose  some¬ 
what  below  the  minimal  fatal  dose,  and  within  a  few  days  be  reinocu- 
latcd  in  the  same  way  with  a  similar  dose,  death  sometimes  follows 
the  second  inoculation,  though  the  i^^st  may  have  been  borne  with 
little  apparent  inconvenience.  This  accords  with  an  occasional  ob¬ 
servation  of  Pfeiffer^  on  the  reaction  of  immune  guinea-pigs  to  intra- 
])eritoneal  inoculation  with  Vibrio  cholera  Asiatics.  Pfeiffer  explains 
the  phenomenon — that  is,  the  death  of  the  protected  animal — by  as¬ 
suming  that  the  ainoimt  of  toxin  liberated  through  the  peculiar  dis¬ 
integration  of  the  vibrios,  referred  to  above,  is  greater  tlian  the 
amount  against  which  the  animals  had  been  protected. 

This  observation  suggested  the  possibility  of  there  being  a  similar 
disintegration  of  the  living  vibrios  in  the  peritoneal  cavity  of  guinea- 
pigs  rendered  immune  from  Vibrio  Schuylkiliensis.  With  this  in  view, 
two  guinea-pigs  that  were  partially  immune,  having  withstood  two 
previous  intraperitoneal  inocailations,  wore  selected.  Into  the  peri- 
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tonajuiii  of  each  a  little  more  than  the  fatal  dose  of  a  suspension  of  a 
fx’esh  culture  was  injected.  In  ten  minutes  portions  of  the  peritoneal 
exudate,  obtained  by  means  of  capillary  pipettes,  were  withdrawn 
and  subjected  to  microscopic  examination.  A  great  variety  of  ob¬ 
jects  were  seen,  conspicuous  among  them  being  vibrios  in  all, stages 
of  invohxtion.  They  were  swollen,  distorted,  stained  feebly,  and  were 
manifestly  undergoing  degeneration.  Granules  that  took  on  the 
staining  were  also  to  be  seen.  After  fifteen  minutes  the  only  objects 
found  in  the  peritomuum  were  numerous  granular  masses,  with  an 
occasional  body  that  might  have  been  a  vibrio,  though  it  was  im¬ 
possible  to  state  definitely.  Numerous  leucocytes  were  present.  Oc¬ 
casionally  stained  granules  were  seen  within  the  body  of  a  leucocyte. 

At  fifteen  minutes  one  of  the  guinea-pigs  was  killed.  Cultures 
showed  its  peritoneal  cavity  to  be  sterile. 

At  thirty  minutes  the  other  was  killed  and  its  peritonxeum  was 
also  found  to  be  sterile. 

If  a  much  larger  dose  was  employed  the  phenomenon  was  not 
observed,  as  the  animals  were  evidently  not  immunized  to  a  suffi¬ 
ciently  high  degree  to  withstand  excessive  amounts. 

This  germicidal  activity  of  the  peritonxeum  of  immune  guinea- 
pigs  is,  as  we  now  know,  not  peculiar  to  animals  immune  from  Asiatic 
cholera,  but  may  also  be  observed  in  animals  immune  from  other 
forms  of  infection  as  well;  for  instance,  in  animals  immune  from  in¬ 
fection  and  intoxication  by  the  bacilhis  typhi  abdominalis  and  by  the 
bacillus  coli  communis. 

It  would  have  been  interesting  to  have  determined  the  relation 
of  these  animals  to  intraperitoneal  inoculation  with  the  cholera  spiril¬ 
lum,  but  as  reliable  cholera  cixltxires  were  not  at  my  disposal  I  was 
obliged  to  omit  the  experiment. 

'^I'he  tests  that  have  been  made  with  the  serum  from  both  pigeons 
and  guinea-]xigs  that  have  been  rendered  immune  from  moderately 
large  doses  of  Vibrio  Scluiylkiliensis  show  that  it  contains  a  sxibstance 
that  is  capable  of  protecting  susceptible  animals  against  the  patho¬ 
genic  effects  of  otherwise  fatal  doses.  Thus,  for  instance,  in  one  ex¬ 
periment,  1  cubic  ccntinu'tre  of  serum  from  a  pigeon  immune  from 
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tliree  times  the  fatal  close  of  living  culture,  when  injected  into  the 
peritoneal  cavity  of  each  of  two  guinea-pigs,  protected  one  of  them 
against  the  fatal  and  the  other  against  double  the  fatal  dose  of  living 
culture  injected  at  the  same  time  as  the  serum.  In  another  experi¬ 
ment  of  the  same  nature  two  out  of  three  guinea-pigs  A\  ere  protected 
against  double  the  fatal  intraperitoneal  dose  of  living  culture  by  the 
simultaneous  injection  of  1  cubic  centimetre  of  serum  from  a  pigeon 
immune  from  three  times  the  fatal  dose  of  culture.  The  tliird  animal 
of  this  series  did  not  die  until  the  end  of  the  second  day,  showing  a 
retardation  of  at  least  twenty-four  hours  in  the  appearance  of  the  fatal 
result. 

In  another  experiment  a  suspension  was  made  by  finely  dividing 
a  fresh  culture  on  agar-agar  in  the  serum  from  a  pigeon  immune  from 
four  times  the  fatal  dose  in  such  proportions  that  0.5  cubic  centimetre 
of  the  serum  contained  double  the  amount  of  culture  necessary  to 
produce  fatal  results.  Into  the  pectoral  muscle  of  each  of  two  suscep¬ 
tible  pigeons  0.5  cubic  centimetre  of  this  suspension  was  injected  in 
less  than  five  minutes  from  the  time  it  was  made.  Xeither  pigeon 
showed  any  ill  effects  of  the  treatment. 

In  still  another  experiment  it  was  found  that  when  the  serum 
from  pigeons  immune  from  at  least  three  times  the  fatal  dose  was 
injected  in  the  amount  of  0.5  cubic  centimetre  into  the  pectoral  mus¬ 
cles  of  susceptible  pigeons,  and  this  was  followed  within  an  hour  by 
an  injection  into  the  muscle  of  the  opposite  side  of  double  the  fatal 
dose  of  a  fresh  normal  suspension  of  the  organism,  no  protective  power 
was  exhibited. 

A  similar  property  was  seen  to  be  possessed  by  the  serum  of 
guinea-pigs  immune  from  double  the  fatal  intraperitoneal  dose  of 
living  vibrios.  Thus,  for  example,  the  serum  from  such  an  immune 
guinea-pig  when  injected  into  the  peritoneal  cavity  of  each  of  two 
susceptible  guinea-pigs  in  the  dose  of  1  cubic  centimetre  ]U’otected 
one  of  them  against  the  simultaneous  intraperitoneal  injection  of  a 
little  more  than  the  fatal  dose  of  living  culture,  and  postponed  the 
death  of  the  other  for  three  days.  In  all  eases  the  control  animals  in¬ 
oculated  with  the  same  dose  of  living  culture,  but  which  did  not  re- 
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ceive  the  serum,  died  after  the  proper  interval  with  the  characteristic 
lesions.  On  other  controls  that  received  only  the  serum  no  effect  was 
produced. 

I  failed  to  observe  Avith  this  serum  the  peculiar  microscopic  phe¬ 
nomenon,  described  by  Pfeiffer  and  Vagedes,^  that  is  seen  to  occur 
Avhen  the  cholera  spirillum  is  studied  in  a  hanging  drop  made  with 
the  serum  of  very  highly  immunized  animals.  The  failure  to  observe 
this  reaction  is  probably  due  to  the  fact  that  my  animals  had  been 
brought  to  only  a  very  low  degree  of  immunity. 

Because  of  the  many  points  of  resemblance  between  the  organism 
here  described  and  Vibrio  Metchnikovi,  an  effort  was  made  to  deter¬ 
mine  if  pigeons  rendered  immune  from  Vibrio  Schuylkiliensis  Avere 
also  immune  from  Vibrio  !^Ietchnikovi,  and  vice  versa.  The  results 
shoAV  that  such  a  reciprocal  immunity  occurs  and  persists  for  at  least 
a  Aveek  or  ten  days.  It  must  he  remembered,  hoAveA^er,  that  this  does 
not  of  necessity  signify  identity,  for  it  aauII  be  borne  in  mind  that  Isst'eff 
and  Ivanoff,®  in  their  studies  upon  the  immunity  induced  by  Vibrio 
Ivanovi,  found  that  animals  protected  against  it  Avere  also  protected 
against  Vibrio  cholera3  Asiatic®.  Nevertheless,  the  points  of  resem- 
hlance  betAveen  Vibrio  Schuylkiliensis  and  Vibrio  ]\Ietchnikovi  are  so 
conspicuous  and  the  points  of  difference  so  slight,  being  only  quantita- 
tiA®,  that  I  am  constrained  to  consider  them  as  A’ery  closely  allied,  if 
not  identical.  I  can  not  at  this  time,  hoAvever,  consider  them  identical, 
lor  the  reason  given — namely,  that  it  has  thus  far  been  impossible  to 
increase  the  Auimlence  of  Vibrio  Schuylkiliensis  for  pigeons  to  anything 
approaching  the  degree  possessed  by  Vibrio  Metchnikovi.  In  experi¬ 
ments  Avith  the  latter  organism  I  have  found  that  A^ery  much  attenu¬ 
ated  cultures  may  quickly  be  brought  to  such  a  degree  of  virulence, 
by  successive  passage  through  pigeons,  that  the  characteristic  i)atho- 
genic  poAvers  aauII  be  exhibited  Avhen  A®ry  small  doses  are  used,  such, 
for  instance,  as  a  minute  particle  on  the  point  of  a  sti’aight  needle; 
this  AA’hen  rubhed  into  a  superficial  A\®und  of  the  pectoral  muscle  of 
a  pigeon  causes  death  in  about  tAA’eh’e  hours  AA'ith  general  invasion  of 
the  body  by  the  organisms.  (Pfeiffer  makes  a  similar  statement 
concerning  his  experience  AA’ith  this  organism.) 
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AVlietlier  the  organism  under  consideration  is  or  is  not  a  modifi¬ 
cation  of  Vibrio  Metclmikovi,  or  is  or  is  not  identical  with  either  of 
the  hitherto  described  species,  is  of  but  little  moment  for  the  present. 
The  important  point  to  be  borne  in  mind  is,  that  as  obtained  from 
the  waters  in  which  it  was  found  it  was  so  anomalous  in  its  pathogenic 
peculiarities  as  to  make  it  impossible  to  do  more  than  include  it  in  the 
general  group  of  suspicious  vibrios.  Its  comparatively  low  infective 
properties  for  pigeons,  its  characteristic  reaction  by  intraperitoneal 
inoculation  of  guinea-pigs,  and  the  majority  of  its  cultural  and  mor¬ 
phological  peculiarities  might  readily  lead  one  to  mistake  it  for  an 
organism  of  much  more  important  significance,  especially  if  surround¬ 
ing  circumstances,  such  as  the  presence  of  suspicious  intestinal 
troubles,  would  seem  to  justify  such  an  opinion. 

In  the  light  of  this  observation  I  think  we  can  safely  say  that 
there  exist  pathogenic  spirilla,  sufficiently  similar  to  the  cholera  spiril¬ 
lum  to  justify  their  being  classified  as  suspicious,  which  manifestly 
have  nothing  to  do  with  the  disease  cholera.  I  can  not  avoid  the  con¬ 
clusion  that  the  discovery  of  this  organism  in  the  water  of  a  locality 
absolutely  free  from  suspicion,  in  so  far  as  Asiatic  cholera  is  con¬ 
cerned,  serves  as  an  additional  refutation  of  the  opinion  that  the 
cholera  spirillum  and  the  majority  of  the  forms  that  simulate  it 
are  but  variations  of  one  and  the  same  species.  There  may  be  a 
striking  family  likeness,  but  one  produces  cholera  while  the  others 
do  not;  a  distinction  that,  in  the  present  state  of  our  knowl¬ 
edge,  can  not  be  ignored,  no  matter  what  may  be  the  out¬ 
come  of  subsequent  studies  of  the  causes  underlying  variability  of 
species. 

So  far  as  I  am  aware,  this  is  the  first  suspicious  pathogenic  spiril¬ 
lum  that  has  been  detected  in  the  surface  Avaters  of  this  country.  This 
is  jn-obably  not  due  to  their  rarity  or  to  their  being  peciiliar  to  the 
Avaters  of  ])articular  localities,  but  rather  to  the  fact  that  feAV  systematic 
oft'orts  liave  been  made  to  discoA^er  them. 

If  they  are  generally  present  it  is  important  for  us  to  knoAv  it,  for 
in  the  event  of  an  outbreak  of  cholera  or  of  suspicious  intestinal 
troubles  of  other  nature  they  Avould  undoubtedly  proA^e  the  cause 
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of  endless  confusion  and  false  interpretations  were  their  presence  un¬ 
suspected. 

It  is  with  the  hope  of  awakening  an  interest  in  the  subject  among 
American  bacteriologists  and  of  obtaining  general  data  on  this  impor¬ 
tant  subject  that  this  contribution  is  made. 
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All  of  the  figures  are  photomierographs  of  the  Vibrio  Schuylkiliensis. 
For  Photographs  1  and  2  I  am  indebted  to  Dr.  Charles  L.  Leonard,  of  the 
University  of  Pennsylvania. 


Plate  XVI. 

Fig-.  1. — Vibrio  Schuylkiliensis.  Normal  forms  as  seen  in  fresh  cultures  on 
gelatin.  X  1,000  diameters. 

Fig.  2. — Involution  forms.  From  potato  culture  forty-eight  hours  old. 
X  1,000  diameters. 

Fig.  3. — Colonies  in  gelatin  plate  after  twenty-four  hours’  growth  at 
18°  to  20°  C.  X  100  diameters. 

Fig.  4. — Colonies  in  gelatin  plate  after  forty-eight  hours’  growth  at  18° 
to  20°  C.  X  100  diameters. 


Plate  XVII. 

V 

Fig.  5. — Colony  in  gelatin  after  about  fifty  hours'  growth  at  18°  to  20°  C. 
X  100  diameters. 

Fig.  6. — Colony  in  gelatin  after  about  seventy  hours  at  18°  to  20°  C.  X 
100  diameters. 

Fig.  7.— Colony  in  gelatin  after  aboiit  seventy  hours  at  18°  to  20°  C.  X  ICO 
diameters. 
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Fig.  8. — Colony  in  gelatin  after  about  seventy  hours  at  18°  to  20°  C.  X  100 
diameters. 

Plate  XVIII. 

Fig.  9. — Colony  in  gelatin  after  three  days  and  a  half.  At  two  days  to  two 
days  and  a  half  this  colony  showed  distinct  concentric  markings.  Tempera¬ 
ture,  18°  C.  X  100  diameter"'. 

Fig.  10. — Edge  of  single  colony  in  gelatin  after  two  days  and  a  half  at 
18’’  C.  X  100  diameters. 

Fig.  11. — Stab  cultures  in  gelatin  at  18°  to  20°  C.:  ff,  after  four  days;  b, 
after  seven  days;  c,  after  seventeen  to  eighteen  daj^s.  Approximately  nat¬ 
ural  size. 
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THE  INFLUENCE  OF  ACUTE  ALCOHOLISM  ON  THE 
NORMAL  VITAL  RESISTANCE  OF  RABBITS'  TO 
INFECTION. 

By  a.  C.  ABBOTT,  M.  D., 

FIRST  ASSISTANT,  LABORATORY  OF  HYGIENE,  UNIVERSITY  OF  PENNSYLVANIA. 

{From  the  Laboratory  of  Hygiene,  University  of  Pennsylvania.) 

Duking  the  past  six  months  a  portion  of  the  time  at  my  disposal 
lias  been  occupied  with  experiments  the  results  of  which  I  propose 
to  embody  in  this  contribution. 

These  studies  were  made  in  the  Laboratory  of  Hygiene  of  the  Uni¬ 
versity  of  Pennsylvania  under  tlie  auspices  of  the  Committee  of  Fifty 
to  Investigate  the  Alcohol  (Question,  who  generously  placed  at  my 
disposal  the  funds  necessary  to  defray  the  expenses  of  the  work. 

In  the  distribution  of  the  several  subdivisions  of  the  general  ques¬ 
tion  relating  to  the  influence  of  alcohol  upon  the  physical  and  moral 
well-being  of  those  who  use  it  as  a  beverage,  the  committee  has  seen 
proper  to  assign  to  me  for  experimental  solution  one  of  the  most  in¬ 
teresting  and  important  phases  of  the  subject — viz.,  that  concerning 
the  influence  of  alcoholism,  acute  and  chronic,  upon  the  normal  vital 
resistance  of  animals  to  various  forms  of  infection. 

In  undertaking  the  work  a  general  scheme  of  procediire  was 
drawn  up  that  seemed  to  meet  most  of  the  reipiirements  of  the  prob¬ 
lem,  but  as  I  now  i*eviow  it  I  find  that  it  has  been  possible,  in  the 
time  at  my  disposal,  to  cover  only  a  limited  portion  of  the  ground 
included  in  this  scheme.  '' 

Tlie  lines  along  which  it  was  proposed  to  conduct  these  investiga¬ 
tions  are  as  follows; 

1.  Determine  if  the  normal  vital  resistance  of  animals  to  infec¬ 
tion  by  the  common  pathogenic  bacteria  is  demonstrably  influenced 
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by  either  acute  or  chronic  alcoholism,  induced  through  the  use  of 
known  amounts  of  pure  ethyl  alcohol. 

2.  If  any  or  no  effect  is  observed,  determine  if  the  same  holds 
good  for  animals  under  the  influence  of  the  commoner  alcoholic  bever¬ 
ages,  as  beer,  wine,  whisky,  cordials,  etc. 

3.  Determine  if  through  either  acute  or  chronic  alcoholism  the 
germicidal  properties  of  the  serum  of  the  blood  of  animals  is  materially 
altered.  If  so,  deteiauine,  if  possible,  the  nature  of  this  alteration. 

4’hus  far  the  work  has  borne  upon  the  (pxestion  concerning  the 
influence  of  acute  alcoholism  upon  the  resistance  of  rabbits  to  infec¬ 
tion  by  the  pyogenic  cocci — i.  e.,  the  streptococcxxs  pyogenes  (ex’ysipe- 
latos)  and  the  staphylococcxxs  pyogenes  axxrexxs — and  by  the  bacillus 
coli  commxxnis,  axid  the  resxxlts  ai'C  in  many  ways  sxxfficiently  instrxxc- 
tive  to  warraxxt  their  report  at  this  tixne. 

A  difticxxlty  that  arose  at  the  oxxtset  was  ixx  pi’ocxxxdng  cxxltxxres  of 
pathogenic  organisms  of  sxxitably  diminished  virxxlence  withoxxt  their 
being  at  the  same  time  totally  devoid  of  this  propei’ty.  As  experi¬ 
ence  has  taxxght  xxs  to  expect  cei’tain  deviations  fi’om  the  xxsxxal  coixrse 
of  infection  when  normal  animals  are  inoculated  with  attenxxated 
cxxltxxres,  sxxch,  for  instance,  as  prolongaticm  of  the  period  of  incuba¬ 
tion  and  modification  of  the  pathological  lesions,  the  pi*oblexn  xxnder 
consideration  seemed  to  be  in  part  most  easy  of  solxxtion  throxxgh  a 
(comparison  of  i-esults  obtained  by  the  xxse  of  sxxch  cultxxres  on  groxxps 
of  alcoholized  and  non-alcoholized  animals.  Shoxxld  sxxch  modifica¬ 
tions  occxxr  in  the  normal  animals,  as  woxxld  be  anticipated,  and  an  in¬ 
fection  not  differing  fi’om  that  pi’odxxced  by  fxxlly  virxxlent  cxxltxxres 
occxxr  in  the  alcoholized  animals,  the  diffex-ence  coxxld  reasonably  be 
referred  to  a  I’edxxction  of  vital  resistance  bi’oxxght  aboxxt  by  the  alco¬ 
hol  administei’cd. 

To  meet  the  I’eqxxirements  it  xvoxxld  perhaps  have  been  best  to 
have  emidoyed  cxxltxxres  of  orgxxnisms  that  were  diminished  in  viru- 
lexicc  to  definite  degrees  of  attenuation,  sxxch,  for  instance,  as  the 
bacillus  anthracis  attenxxated  to  the  degree  of  virxxlence  represented 
by  its  primary  and  secondax-y  vaccixies.  As  sxxch  mateidal  was  not  at 
my  disj)Osal,  however,  cxxltxxi-es  of  another  sort  were  xised — namely, 
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those  that  were  of  a  low  degree  of  virulence  without  this  degree  being 
definitely  determined. 

Again,  cultures  of  organisms  were  employed  the  pathogenic 
powers  of  which  are  usually  irregular  and  uncertain,  while  in  still 
other  tests  an  effort  was  made  to  detect  a  difference  between  alco¬ 
holized  and  non-alcoholized  animals  when  inoculated  with  virulent 
material  but  in  very  small  doses,  hoping  in  this  way  to  demonstrate, 
by  a  difference  in  the  period  of  incubation,  a  difference  of  resistance 
in  the  animals  composing  the  two  groups. 

The  experiments  were  made  with  cultures  of  streptococcus  pyo¬ 
genes  of  a  low  degree  of  virulence,  with  nonnal  bacillus  coli  com¬ 
munis,  and  with  virulent  staphylococcus  pyogenes  aureus,  and,  as  the 
results  to  be  reported  show,  with  very  diverse  consequences. 

Another  difficulty  was  encountered  in  regulating  the  dose  of 
alcohol.  The  intention  was  to  have  the  animals  daily  in  a  state  of 
intoxication,  but  it  is  not  easy  to  decide  just  when  this  stage  is  reached, 
as  the  only  certain  indication  of  it  is  inco-ordination  of  muscular 
movement.  It  frequently  occurred  that  when  alcohol  was  given 
to  this  stage  the  direct  effect  of  the  drug  was  such  as  to  gravely  im¬ 
peril  the  life  of  the  animal,  and  in  a  certain  number  of  instances  the 
animals  did  not  rally  from  even  so  few  as  one  or  two  such  administra¬ 
tions.  If  the  dose  were  diminished,  then  one  could  often  not  be  siire 
that  the  rabbit  was  intoxicated. 

On  the  other  hand,  one  encounters  occasionally  an  individual 
on  which  alcoholism  to  intoxication  has  apparently  no  effect  upon 
the  general  health,  and  may  be  prolonged  over  relatively  long  periods. 
One  of  my  animals,  for  instance,  received  daily  doses  of  alcohol  rang¬ 
ing  from  5  to  15  cubic  centimetres  for  one  hundred  and  fourteen  days. 
Its  weight  at  the  beginning  was  1,330  grammes,  and  at  the  end  1,350 
grammes,  while  during  the  interval  its  weight  had  been  as  high  as 
1,520  grammes  and  as  low  as  1,000  grammes.  It  died  under  the 
administration  of  15  grammes  daily  with  macroscopic  lesions  of  only 
the  gastric  mucous  membrane.  I  believe  that  the  studies  upon  the 
effects  of  smaller,  non-intoxicating  doses  of  alcohol  will  demonstrate 
tlie  possibility  of  continuing  the  administration  of  the  drug  over  prac- 
30 
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tically  an  indefinite  period,  quite  to  the  stage  of  chronic  alcoholism, 
in  a  fair  proportion  of  the  animals  treated  in  this  way. 

The  individual  susceptibility  of  different  animals  to  the  physio¬ 
logical  action  of  alcohol  differed  in  such  a  way  as  to  requme  at  the 
beginning  a  special  dose  for  each  individual.  It  is  impossible  to  main¬ 
tain  throughout  a  constant  relation  between  body  weight  and  dose 
necessary  to  produce  the  desired  effects.  For  instance,  it  can  not 
be  said  if  5  cubic  centimetres  of  alcohol  produces  intoxication  in  a 
rabbit  of  1,000  grammes  weight,  that  necessarily  10  cubic  centimetres 
will  have  the  like  effect  in  the  next  rabbit  of  2,000  grammes  weight. 
The  dose  can  only  be  determined  by  experiment. 

It  frequently  occurred  that,  when  the  necessary  dose  had  been 
determined,  its  continuous  administration  over  several  or  more  days 
resulted  in  very  rapid  and  marked  loss  in  body  weight,  an  indication 
of  the  greatest  importance,  meaning,  that  if  the  alcohol  be  continued 
the  animal  is  practically  certain  to  die.  Under  these  circumstances 
it  becomes  necessary  to  either  diminish  the  dose  or  cease  the  adminis¬ 
tration  entirely  for  a  time,  until  the  lost  weight  is  partially  or  com¬ 
pletely  recovered.  During  the  interval  of  rest,  as  it  may  be  called, 
the  animal  is  of  course  not  daily  intoxicated,  and  while  the  records 
of  these  experiments  refer  to  animals  “  daily  under  the  influence  of 
alcohol  to  the  stage  of  intoxication,”  it  will  be  borne  in  mind  that 
with  many  of  these  animals  such  periods  of  rest,  varying  in  duration, 
were  more  or  less  frequently  necessary. 

As  it  was  impossible  to  induce  the  rabbits  to  take  alcohol  volun¬ 
tarily,  either  with  the  food  or  otherwise,  it  became  necessary  to  ad¬ 
minister  it  through  a  soft-rubber  catheter  passed  down  the  oesophagus 
into  the  stomach,  and  though  this  was  done  as  gently  as  possible, 
the  irritation  resulting  from  the  repeated  passage  of  the  catheter,  to¬ 
gether  with  the  depressing  influence  of  the  drug,  was  accompanied 
in  a  number  of  instances  by  intercurrent  infections  which,  from  their 
character  and  location,  I  think  can  be  reasonably  traced  to  insignifi¬ 
cant  wounds  of  the  mucous  surface  of  the  oesophagus  made  when  the 
alcohol  was  administered. 

In  only  two  instances  was  death  positively  the  result  of  inspira- 
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tion  of  alcohol  into  the  air  passages  at  the  time  of  operation.  When 
such  an  accident  occurs  death  is  practically  instantaneous. 

The  most  common  macroscopic  effect  of  the  direct  action  of  the 
alcohol  was  erosion  and  inflammation  of  the  mucous  membrane  of  the 
stomach,  a  condition  that  was  unfortunately  present  in  quite  a  num¬ 
ber  of  my  animals,  and  which  complicated  matters  in  such  a  way  as 
to  vitiate  considerably  the  results  of  the  experiments. 

When  the  necessary  dose  of  alcohol  was  determined,  it  was  al¬ 
ways  given  mixed  with  an  equal  quantity  of  distilled  water. 

The  dose  necessary  to  positively  produce  intoxication  ranged  from 
5  cubic  centimetres  to  15  cubic  centimetres  of  pure  ethyl  alcohol, 
though  the  usual  dose  in  rabbits  of  from  1,500  to  1,800  grammesweight 
was  from  7.5  cubic  centimetres  to  10  cubic  centimetres,  doses  which 
if  taken  by  a  man  of  one  hundred  and  fifty  pounds  weight  would  be 
roughly  equivalent  to  from  two  thirds  to  five  sixths  of  a  pint  of  abso¬ 
lute  alcohol.  Notwithstanding  this  apparently  very  large  amount, 
animals  have  repeatedly  been  encountered  on  which  from  10  to  12, 
and  even  15  cubic  centimetres  had  no  visible  influence,  though 
the  continuance  of  these  doses  in  many  instances  was  followed 
by  death  associated  with  grave  lesions  of  the  gastric  mucous  mem¬ 
brane. 

While  rabbits  offer  conditions  in  a  Avay  favourable  to  experiments 
of  this  character,  they  are  so  liable  to  intercurrent  bacterial  and 
I)roLOzoal  infections  as  to  lead  to  many  irregularities  when  large  num¬ 
bers  of  them  are  used.  In  the  course  of  this  work  a  number  of  ex¬ 
periments  have  been  seriously  vitiated  by  reason  of  such  complica¬ 
tions.  The  general  plan  followed  in  these  experiments  was  to  employ 
groups  of  equal  numbers  of  animals.  All  were  inoculated  in  the  same 
way,  then  to  one  group  alcohol  Avas  given,  while  to  the  other  no  alco¬ 
hol  was  administered.  They  were  all  then  kept  under  the  same  con¬ 
ditions  of  food,  etc.  Each  animal  was  weighed  in  t]ie  morning  before 
it  was  fed.  In  one  or  two  cases  the  number  of  “  controls  ”  was  fewer 
than  that  of  the  alcohol  group.  Control  animals  receiving  only  alco¬ 
hol  were  not  introduced  into  each  experiment,  as  the  necessary  data 
on  this  point  could  ahvays  be  had  by  reference  to  the  records  of 
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preceding  experiments  in  wliich.  the  different  effects  of  the  drug  on 
different  animals  was  recorded. 

Without  going  further  into  the  particulars,  it  will  suffice  to  tabu¬ 
late  the  details  and  briefly  summarize  the  results  of  each  experiment 
as  follows : 

Experiment  I. 

Summary  of  the  results  of  the  intravenous  inoculation  of  rabbits 
receiving  daily  doses  of  alcohol  to  the  stage  of  intoxication,  with 
bouillon  cultures  of  streptococcus  pyogenes  obtained  from  a  phleg¬ 
monous  inflammation  in  man : 

Of  eleven  rabbits  inoculated  intravenously  with  varying  amounts  of 
sireptococcus  pyogenes,  six  received  daily  doses  of  alcohol  for  different 
lengths  of  time.  The  remaining  five  of  this  group  received  no  alcohol. 
In  addition,  two  rabbits  received  only  daily  doses  of  alcohol.  Of  the  six 
inoculated  animals  that  received  alcohol,  all  died  after  marked  loss  of 
weight  and  all  exhibited  lesions  referable  to  the  inoculation.  One  re¬ 
vealed  a  condition  of  the  liver  probably  the  result  of  the  action  of  the 
alcohol. 

Of  the  five  inoculated  animals  to  which  no  alcohol  was  given,  one 
died,  one  was  killed,  and  three  recovered. 

The  one  that  died  presented  no  lesions  referable  to  the  inoculation. 
Cultures  revealed  the  presence  of  streptococci  in  the  liver  mixed  with 
another  organism,  while  the  other  internal  organs  were  sterile. 

The  animal  that  was  killed  presented  no  lesions  of  importance,  and 
its  blood  and  internal  organs  were  found  by  culture  test  to  be  sterile. 

Each  of  the  three  remaining  animals  suffered  from  temporary  erysipe¬ 
las  of  the  ear  at  the  site  of  needle  puncture.  They  recovered  from  this, 
and  at  the  end  of  one  hundred  and  twenty  days  were  apparently  in  good 
condition,  one  having  gained  330  grammes,  the  other  110  grammes,  and 
the  other  270  grammes  in  weight. 

Of  the  two  animals  that  were  not  inoculated,  but  which  received 
alcohol  daily,  one  died  after  one  hundred  and  fourteen  days  with  a  condi¬ 
tion  of  the  gastric  mucous  membrane  referable  to  the  alcohol,  the  otlier 
after  thirty-four  days  with  no  macroscopic  lesions  to  account  for  death. 
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Experiment  II. 

Summary  of  the  results  of  intravenous  inoculation  of  rabbits,  re¬ 
ceiving  intoxicating  doses  of  alcohol  daily,  with  suspensions  of  strepto¬ 
coccus  pyogenes: 

The  eighteen  animals  employed  in  this  experiment  were  divided  into 
four  groups  and  treated  as  follows: 

Four  received  intoxicating  (^ses  of  ethyl  alcohol  for  five  days  and 
were  then  inoculated  intravenously  with  0.5  cubic  centimetre  of  a  sus¬ 
pension  of  streptococcus  pyogenes. 

Five  received  intoxicating  doses  of  methyl  alcohol  for  five  days  and 
were  then  similarly  inoculated.  ' 

The  alcohol  was  continued  in  both  groups  after  inoculation  until 
death. 

Five  received,  in  addition  to  the  inoculation,  daily  doses  of  distilled 
water,  injected  into  the  stomach  in  the  same  manner  as  was  the  alcohol 
in  the  other  animals,  for  fifteen  days.  After  this  alcohol  was  given  to 
two  of  them — to  one  for  two  days,  to  the  other  for  six  days — while  the 
remaining  three  got  nothing  from  the  fifteenth  day. 

Four  were  simply  inoculated.  One  of  this  group  received  a  single 
dose  of  alcohol. 

The  nine  latter  animals  served  as  controls. 

Eesitlts. — Of  nine  inoculated  animals  to  which  alcohol  was  given, 
seven  died  with  suppurative  lesions. 

Of  nine  inoculated  animals  that  received  no  alcohol  until  after  the 
fifteenth  day,  when  alcohol  was  given  to  two,  five  died,  three  were  killed, 
and  one  was  observed  for  fifty-two  days.  In  only  three  of  the  nine  were 
suppurative  lesions  detected  at  autopsy. 

Of  the  seven  alcohol  animals  that  died,  five  presented  lesions  at 
autopsy  that  could  be  attributed  to  the  action  of  the  alcohol. 


Experiment  III. 

Summary  of  the  results  of  intravenous  inoculation  of  rabbits 
receiving  alcohol  daily  to  the  stage  of  intoxication,  with  suspensions 
of  bacillus  coli  communis  from  human  faec''^: 

Of  five  rabbits,  each  of  which  was  inoculated  with  1  cubic  centimetre 
of  a  suspension  in  bouillon  of  bacillus  coli  communis,  and  all  of  which  had 
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been  receiving  alcohol  to  the  stage  of  intoxication  daily  for  five  days, 
four  died  in  from  eighteen  to  twenty  hours  and  one  in  eighteen  days 
after  inoculation. 

None  presented  lesions  referable  to  the  inoculation.  One  revealed 
a  condition  of  the  gastric  mucous  membrane  that  evidently  resulted  from 
the  direct  action  of  the  alcohol.  Bacillus  coli  communis  was  obtained 
in  cultures  from  the  internal  organs  of  all. 

Five  rabbits,  each  of  which  had  been  receiving  alcohol  in  doses  rang¬ 
ing  from  2.5  to  15  cubic  centimetres  daily  for  thirty-one  days,  were  in¬ 
oculated  intravenously  with  the  same  material  in  the  same  amount 
that  was  employed  in  the  preceding  group. 

One  died  within  twenty-four  hours  after  the  inoculation. 

Four  died  in  from  forty-three  to  fifty-five  days  after  the  inoculation. 

Three  presented  at  autopsy  lesions  referable  to  the  inoculation — 
viz.,  the  condition  of  the  liver,  gall  bladder,  and  bile  described  by  Blach- 
stein.* 

Two  presented  no  lesions  attributable  to  the  inoculation. 

Two  showed  a  condition  of  the  liver  that  may  possibly  have  resulted 
from  the  prolonged  action  of  the  alcohol,  while  in  the  remaining  three 
no  results  of  the  alcohol  were  evident. 

Two  control  animals  that  were  inoculated  in  the  same  manner  with 
the  same  material,  but  which  received  no  alcohol,  were  alive  on  the 
seventy-ninth  day  after  inoculation.  By  the  sixtieth  day  one  had  gained 
230  grammes  in  weight,  while  the  other,  though  apparently  well,  had 
lost  200  grammes  in  weight. 


Experiment  IV. 

Summary  of  the  results  of  inoculation  of  alcoholized  animals 
with  suspensions  of  bacillus  coli  communis: 

Three  animals  received  intravenous  inoculation  of  0.5  cubic  centi¬ 
metre  of  a  suspension  of  bacillus  coli.  Immediately  afterward  the  adminis¬ 
tration  of  alcohol  was  begun.  One  died  during  the  night  and  one  on  the 
day  following  the  inoculation.  Bacillus  coli  was  found  by  cultures  in  the 
internal  organs  of  both.  The  third  died  eight  days  after  inoculation 
with  no  characteristic  lesions  and  no  colon  bacilli  in  the  internal  organs. 

*  Blachstein.  Intravenous  Inoculation  of  Rabbits  with  the  Bacillus  Coli 
Communis  and  the  Bacillus  Typhi  Abdominalis.  Bulletin  of  the  Johns  TTopkins 
Hospital,  vol.  ii.  No.  14,  July,  1891. 
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The  mucous  membrane  of  the  stomach  was  eroded  and  there  was  a 
fibrino-purulent  pericarditis  and  pleuritis,  evidently  the  result  of  an 
intercurrent  infection,  probably  induced  by  the  repeated  passage  of  the 
catheter  along  the  oesophagus. 

Three  other  rabbits  that  had  been  getting  alcohol  for  four  days  were 
inoculated  in  the  same  manner  as  the  preceding.  Two  died  on  the  ninth 
day  and  one  on  the  eighteenth  day  following  inoculation. 

In  one,  dead  on  the  ninth  day,  were  the  characteristic  lesions  de¬ 
scribed  by  Blachstein.  There  was  also  present  a  condition  of  the  stom¬ 
ach  that  was  manifestly  the  result  of  the  action  of  the  alcohol. 

Of  the  remaining  two,  in  one  death  ensued  from  an  intercurrent  in¬ 
fection,  while  in  the  other  death  was  the  result  of  an  intestinal  intus¬ 
susception.  This  latter  animal  presented  erosion  of  the  gastric  mucous 
membrane  that  was  evidently  the  result  of  the  action  of  the  alcohol. 

In  both  animals  that  died  on  the  ninth  day  colon  bacilli  were  present 
in  cultures  from  the  internal  organs,  while  in  the  one  dead  on  the  eight¬ 
eenth  day  the  blood  and  internal  organs  were  sterile. 

Three  control  animals  were  alive  and  apparently  well  on  the  forty- 
sixth  day.  One  had  gained  50  grammes,  the  other  280  grammes,  while 
the  third  had  lost  120  grammes  in  weight. 

In  short,  of  six  alcoholized  rabbits  inoculated  with  colon  bacilli, 
all  died.  One  presented  characteristic  lesions  at  autopsy.  Of  three 
non-alcoholized,  control  animals,  none  died. 


Experiment  V. 

Results  of  intravenous  inoculation  of  rabbits  receiving  alcohol, 
ivitli  cultures  of  staphylococcus  pyogenes  aureus: 

In  this  experiment  the  first  inoculation  was  without  effect,  and  the 
animals  were  inoculated  a  second  time  after  an  interval  of  seven  days. 
Four  animals  were  employed — viz.,  two  alcoholized  and  two  controls. 
The  alcoholized  animals  died  in  fourteen  and  two  days,  respectively, 
after  the  inoculation.  Both  presented  lesions  referable  to  the  inocula¬ 
tion  and  neither  showed  conditions  due  to  the  direct  action  of  the  alco¬ 
hol.  One  control  animal  died  in  four  days  after  the  first  inoculation, 
while  the  second  died  in  six  days  after  the  second  inoculation.  To  this 
latter  animal  alcohol  was  administered  from  the  time  of  the  second  in¬ 
oculation.  Both  presented  lesions  referable  to  the  inoculation,  and  the 
one  that  got  alcohol  presented  also  conditions  due  to  the  direct  action 
of  the  alcohol. 
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This  experiment  does  not  demonstrate  any  material  difference  be¬ 
tween  the  alcoholized  and  the  non-alcoholized  animals  as  regards  their 
susceptibility  to  this  form  of  infection. 

Experiment  VI. 

Subcutaneous  inoculation  of  alcoholized  animals  with  cultures  of 
staphylococcus  pyogenes  aureus: 

There  were  four  animals  in  this  group,  two  alcoholized  and  two  con¬ 
trols.  In  all  except  one,  an  alcoholized  rabbit,  the  subcutaneous  inocula¬ 
tion  was  without  effect  up  to  the  seventh  day.  On  the  seventh  day  the 
three  remaining  animals  were  inoculated  again,  but  this  time  intra¬ 
venously. 

Results. — One  alcoholized  animal  died  in  three  days  after  the  sub¬ 
cutaneous  inoculation.  Death  was  due  to  pseudo-tuberculosis  of  the 
lungs.  There  vvas  only  a  trifling  area  of  suppuration  at  the  seat  of  inocu¬ 
lation.  The  other  alcoholized  rabbit  died  four  days  after  the  intra¬ 
venous  inoculation  and  presented  the  usual  condition  of  widespread 
miliary-abscess  formation.  Both  control  animals  died  after  the  intra¬ 
venous  inoculation — the  one  in  seven  days,  the  other  in  twenty-four 
hours.  The  former  presented  lesions  characteristic  of  the  inoculation, 
while  the  latter  presented  no  macroscopic  lesions  at  all  at  autopsy.  The 
former  control  animal  had  been  given  alcohol  since  the  date  of  its  sec¬ 
ond  intravenous  inoculation.  At  autopsy  it  presented  lesions  referable 
to  the  direct  action  of  the  alcohol. 

Experiment  VII. 

Intraperitoneal  inoculation  of  alcoholized  animals  with  cultures 
of  staphylococcus  pyogenes  aureus: 

Four  animals  were  employed;  two  received  alcohol  and  two  served 
as  controls. 

The  animals  that  exhibited  no  effects  of  the  intraperitoneal  inocu¬ 
lation  at  the  end  of  a  week  were  reinoculated  with  the  same  material, 
but  this  time  the  inoculation  was  intravenous. 

One  alcoholized  animal  died  the  day  following  the  intraperitoneal 
inoculation,  the  other  two  days  after  the  intravenous  inoculation. 

In  neither  were  lesions  detected  that  could  account  for  death,  or  be 
positively  referred  to  either  the  inoculation  or  the  alcohol. 
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Both  control  animals  recovered  from  the  intraperitoneal  inocula¬ 
tion  and  at  the  end  of  a  week  were  inoculated  intravenously. 

One  died  two  days  after  this  latter  inoculation  and  presented  neither 
mycotic  nor  alcoholic  lesions,  death  being  due  to  rupture  of  the  gravid 
uterus,  while  the  other  died  nine  days  after  intravenous  inoculation 
with  abscesses  in  myocardium  and  kidneys. 


Experiment  VIII. 

Intravenous  inoculation  of  alcoholized  rabbits  with  bouillon  cul¬ 
tures  of  staphylococcus  pyogenes  aureus: 

Of  the  six  inoculated  animals  to  which  alcohol  was  given,  three  died 
in  less  than  twenty-four  hours  and  three  in  from  forty-eight  to  seventy- 
two  hours  after  inoculation.  In  three,  lesions  were  present  that  could 
positively  be  referred  to  the  inoculation,  and  in  one  the  condition  was 
doubtful.  In  two  no  such  lesions  could  be  found. 

In  five  of  the  six  animals  a  condition  of  the  mucous  membrane  of 
the  stomach  was  found  that  was  evidently  the  result  of  the  direct  action 
of  the  alcohol. 

Of  the  six  inoculated  animals  that  did  not  get  alcohol  three  died  in 
less  than  twenty-four  hours,  two  after  five  and  twelve  days,  respectively, 
while  the  remaining  animal  was  apparently  well  at  the  end  of  forty-three 
days. 

Three  of  these  animals  presented  lesions  that  resulted  from  the  inocu¬ 
lation,  in  one  the  lesion  was  doubtful,  in  one  no  lesions  were  detected, 
and  the  sixth  is  still  alive. 

This  experiment  demonstrates  a  slight,  though  not  very  important 
or  striking,  difference  between  the  course  of  infection  in  the  two  groups. 

Experiment  IX. 

Subcutaneous  inoculation  of  alcoholized  rfibbits  with  cultures  of 
staphylococcus  pyogenes  aureus: 

Of  the  six  inoculated  animals  to  which  alcohol  was  given,  one  died 
during  the  night  following  the  inoculation;  the  remaining  five  died  in 
from  five  to  fifteen  days  later. 

Two  of  these  animals  presented  no  lesions  referable  to  the  inocula¬ 
tion,  one  presented  an  extensive  local  lesion,  and  three  presented  a  lesion 
of  the  pleura?  and  pericardium  of  doubtful  significance.  This  condi- 
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tion  was  identical  in  the  three  animals  and  consisted  of  a  fibrino- 
purulent  inflammation  of  practically  all  the  serous  surfaces  within 
the  thoracic  cavity.  Cultures  from  this  lesion  revealed  the  presence 
of  a  staphylococcus  that  grew  feebly,  producing  but  a  very  faint,  barely 
perceptible,  cream  colour,  and  in  general  gave  the  impression  that  it 
might  be  an  attenuated  or  enfeebled  culture  of  staphylococcus  aureus. 
It  was  not  studied  in  detail. 

The  animals  in  which  this  lesion  was  found  died  in  flve,  flfteen,  and 
fifteen  days,  respectively. 

The  three  control  animals  used  in  this  experiment  manifested  no  ill 
effects  of  the  treatment.  They  were  alive  and  well  at  the  end  of  forty- 
six  days  after  inoculation. 

In  none  of  the  six  animals  that  received  alcohol  was  there  any  macro¬ 
scopic  evidence  of  the  action  of  the  alcohol  on  the  tissues. 

ExperijMent  X. 

Intravenous  inoculation  of  alcoholized  rabbits  with  staphylococ¬ 
cus  pyogenes  aureus  attenuated  (?)  by  exposure  to  chloroform; 

Four  animals  were  used  in  this  experiment. 

Of  the  two  inoculated  animals  to  which  alcohol  was  given  one  died 
on  the  fifth,  the  other  on  the  second  day  following  the  inoculation.  One 
presented  a  lesion  of  the  kidney  positively  referable  to  the  inocula¬ 
tion,  the  other  a  condition  of  the  peritonaeum  that  probably,  though 
not  certainly;  resulted  from  the  treatment  to  which  the  animal  had  been 
subjected. 

Both  of  these  animals  presented  extensive  erosions  of  the  gastric 
mucous  membrane  that  was  manifestly  the  result  of  the  direct  action 
of  the  alcohol. 

Neither  of  the  two  control  animals  evinced  any  ill  effects  from  the  in¬ 
oculation;  both  gained  in  weight,  and  at  the  end  of  twenty-eight  days 
were  eliminated  from  the  experiment  as  not  likely  to  manifest  evidences 
of  infection. 

Conclusions. 

The  deductions  that  may  be  drawn  from  the  results  of  these  ex¬ 
periments  are  as  follows: 

Idiat  the  normal  vital  resistance  of  rabbits  to  infection  by  strepto¬ 
coccus  pyogenes  (erysipelatos)  is  markedly  diminished  through  the 
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influence  of  alcohol  when  given  daily  to  the  stage  of  acute  intoxica¬ 
tion,  That  a  similar,  though  by  no  means  so  conspicuous,  diminution 
of  resistance  to  infection  and  intoxication  by  the  bacillus  coli  com¬ 
munis  also  occurs  in  rabbits  subjected  to  the  same  influences. 

And  that,  while  in  alcoholized  rabbits  inoculated  in  various  ways 
with  staphylococcus  pyogenes  aureus,  individual  instances  of  lowered 
resistance  are  observed,  still  it  is  impossible  to  say  from  these  experi¬ 
ments  that  in  general  a  marked  difference  is  noticed  between  alco¬ 
holized  and  non-alcoholized  animals  as  regards  infection  by  this  par¬ 
ticular  organism. 

It  is  interesting  to  note  that  the  results  of  inoculation  of  alcohol¬ 
ized  rabbits  with  the  erysipelas  coccus  correspond  in  a  way  with  clin¬ 
ical  observations  on  human  beings  addicted  to  the  excessive  use  of 
alcohol  when  infected  by  this  organism. 

In  the  course  of  the  work  an  effort  was  made  to  determine  if, 
through  the  oxidation  of  alcohol  in  the  tissues  to  acids  of  the  corre¬ 
sponding  chemical  group,  the  increase  of  susceptibility  could  be  re¬ 
ferred  to  a  diminution  in  the  alkalinity  of  the  blood  as  a  result  of  the 
presence  of  such  acids.  The  number  of  experiments  thus  far  made 
on  this  point  is  too  small  to  justify  dogmatic  statements,  but  from 
what  we  have  gathered  there  is  but  little  evidence  in  support  of  this 
view. 

Throughout  these  experiments,  with  few  exceptions,  it  will  be 
seen  that  the  alcoholized  animals  not  only  showed  the  effects  of*  the 
inoculations  earlier  than  did  the  non-alcoholized  rabbits,  but  in  the 
case  of  the  streptococcus  inoculations  the  lesions  produced  (formation 
of  miliary  abscesses)  were  much  more  pronounced  than  are  those  that 
usually  follow  inoculation  with  this  organism. 

With  regard  to  the  predisposing  influence  of  the  alcohol,  one  is 
constrained  to  believe  that  it  is  in  most  cases  the  result  of  structural 
alterations  consequent  upon  its  direct  action  on  the  tissues,  though  in 
a  number  of  the  animals  no  such  alteration  could  be  made  out  by 
macroscopic  examination.  I  am  inclined,  however,  to  the  belief,  in 
the  light  of  the  work  of  Berkley  and  of  Friedenwald,  done  under  the 
direction  of  Prof.  Welch,  in  the  Pathological  Laboratory  of  the 
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Johns  Hopkins  University,  that  a  closer  study  of  the  tissues  of  these 
animals  would  have  revealed  in  all  of  them  structural  changes  of 
such  a  nature  as  to  indicate  disturbances  of  important  vital  functions 
of  sufficient  gravity  to  fully  account  for  the  loss  of  normal  resistance. 

The  conspicuous  influence  of  the  alcohol  on  the  gastric  mucous 
membrane  in  many  of  these  animals,  with  the  consequent  disturb¬ 
ance  of  nutrition,  is  undoubtedly  the  explanation  of  the  marked  loss 
in  body  weight  that  was  observed  in  many  of  the  animals  employed 
in  these  experiments.  In  this  light  the  susceptibility  induced  by  alco¬ 
hol  to  excess  is  somewhat  analogous  to  that  induced  by  starvation, 
where  we  see  the  resistance  of  animals  to  particular  forms  of  infection 
very  markedly  diminished. 


TABULATED  DETAILS  OF  FOREGOING  EXPERIMENTS. 
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Experiment  II. 
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Material,  at  the  Same  Time,  and  in  the  Same  Hay  as 
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purulent  matter  in  pleural  cavities. 

Cultures. — From  pleural  cavity  a  feebly  growinp 
stapliylococcu.s  was  obtained.  Can  not  say  that 
it  was  or  was  not  staphylococcus  aureus. 
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EXPERIMENTAL  CONTRIBUTION  TO  THE  STUDY  OF 
THE  PATH  BY  WHICH  FLUIDS  ARE  CARRIED  FROM 
THE  PERITONEAL  CAVITY  INTO  THE  CIRULATION. 


By  I.  ADLEK,  M.  D., 

AND 

S.  J.  MELTZEE,  M.  D., 

New  Yoke. 

Introductory. 

Though  it  has  been  recognised  since  the  experiments  of  Magendie 
that  fluids  within  the  lymph  spaces  may  enter  the  circulation  directly 
through  the  walls  of  the  blood  vessels,  the  acceptation  of  this  fact  did 
not  carry  Avith  it  any  serious  doubt  with  regard  to  the  validity  of  the 
general  belief  that,  as  a  rule,  it  is  the  task  of  the  lymphatics  to  carry 
the  lymph  from  the  lymph  spaces,  including  the  serous  cavities, 
through  the  lymphatic  ducts  into  the  circulation. 

Lately,  hoAvever,  a  number  of  writers,  stimulated  by  the  Avell- 
known  labours  of  Heidenhain  on  the  secretion  of  Ijmiph  *  and  on  the 
mode  of  absorption  from  the  intestines,  f  have  been  led  by  their  ex¬ 
periments  to  the  rather  remarkable  conclusion  that  the  absorption  of 
fluids  from  serous  cavities,  especially  from  the  peritoneal  cavity,  is 
in  the  main  carried  out  by  the  blood  vessels,  the  capillaries  wdthin  the 
lymph  spaces,  while  the  lymphatics  have  at  the  utmost  only  a  minor 
share  in  this  task.  We  shall  abstain  from  going  over  the  entire  litera¬ 
ture  of  this  subject,  which  is  rather  extensive,  but  shall  conflne  our 
introductory  remarks  to  a  brief  reference  to  that  of  more  recent  date, 
especially  to  the  writings  of  Starling  and  Tubby,  Orlow  and  Heiden¬ 
hain,  and  Hamburger.  These  writers,  though  following  quite  dif- 

*  Heidenhain,  Versuehe  u.  Fragen  zur  Lehre  von  der  Lymphbildung. 
Pfliiger’s  Arcliiv  fur  die  gesammte  Physiologic,  Bd.  xlix,  p.  209. 

t  Heidenhain,  Neue  Versuehe  iiber  die  Aufsaugung  im  Diinndarm.  Pflii- 
ger’s  Archil),  Bd.  Ivi,  ji.  579. 
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ferent  lines  of  experiment,  arrived  independently  of  one  another  at 
the  above-mentioned  conclusion,  each  method  furnishing  a  new  and 
apparently  well-supported  argument  in  its  favour. 

The  experiments  of  Starling  and  Tubby  *  consisted  in  introducing 
certain  staining  fluids  into  the  abdominal  cavity  and  noting  the  exact 
time  of  their  appearance  in  the  urine  and  in  the  flow  of  lymph  from 
the  thoracic  duct.  They  state  that  the  colour  appears  much  earlier  in 
the  urine  than  in  the  lymph,  a  fact  which  can  be  explained  only  by 
the  assumption  that  the  absorption  takes  place  through  the  blood  ves¬ 
sels.  They  are  even  in  doubt  whether  the  slight  tinting  of  the  lymph 
is  not  due  to  a  resecretion  from  the  blood. 

Orlowt  and  Heidenhain:|;  introduced  a  measured  quantity  of 
fluid  into  the  abdominal  cavity  of  dogs  and  removed  it  again  after  a 
few  hours.  They  found  that  invariably  a  more  or  less  large  amount 
of  the  fluid  was  absorbed  during  this  time,  while  the  flow  of  lymph 
from  the  thoracic  duct,  which  was  measured  before  the  introduc¬ 
tion  and  after  the  withdrawal  of  the  fluid,  remained  the  same. 
This,  again,  would  go  to  show  that  the  fluid  absorbed  did  not  make 
its  way  through  the  thoracic  duct.  Cohnstein,'**'  who  confirms  this 
statement,  claims  nevertheless  that  there  is  a  difference  in  amount 
in  the  flow  of  the  lymph  after  introduction  of  fluid  into  the  abdomen, 
inasmuch  as  in  a  dog  tied  on  a  holder  it  is  constantly  diminished.  It 
is  obvious,  however,  that  this  slight  difference  is  entirely  out  of  pro¬ 
portion  to  the  quantity  absorbed  from  the  peritoneal  cavity.  |1 

Hamburger,'^  finally,  studied  the  effect  of  ligation  of  the  left 
innominate  vein,  which  means  also  the  ligation  of  the  thoracic  duct, 
upon  the  absorption  of  fluids  of  different  osmotic  pressures,  introduced 

*  E.  H.  Starling-  and  0.  H.  Tubby,  On  Absorption  from  and  Secretion  into 
the  Serous  Cavities.  Journal  of  Physiology,  vol.  xiv,  p.  140. 

t  Orlow,  Einige  Versuche  iiber  die  Resorption  in  der  Bauchhbhle. 
Pfliiger’s  Archiv,  Bd.  lix,  p.  170. 

tHeidenhain,  Pfliiger’s  Archiv,  Bd.  Ixii,  p.  320. 

*Cohnstein,  Ueber  Resorption  aus  der  Peritonealhbhle.  Ccntralblatt  fiir 
Physiologic,  Bd.  ix,  No.  13  (Sept.  21,  1895). 

II  See  Hamburger,  Ccntralblatt  fiir  Physiologic,  Bd.  ix.  No.  16  (Nov.  2,  1895). 

■^Hamburger,  Ueber  die  Regelung  der  osmotischen  Spannkraft  von 
Fliissigkeiten  in  Bauch-  und  Pericardialhbhle.  Du  Bois-Reymond’s  Archiv 
fiir  Physiologic,  1895,  p.  281. 
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into  tlie  abdominal  cavity  of  rabbits,  and  comes  to  the  conclusion  that 
the  lymphatics  assist  but  little  in  the  process  of  absorption. 

Experiments  with  Small  Quantities. 

AYithout  entering  for  the  present  into  a  discussion  of  the  merits  of 
these  argumimts,  we  wish  first  to  report  a  set  of  experiments  on  absorp¬ 
tion  from  the  peritoneal  cavity  which,  in  opposition  to  those  of  the 
above-quoted  authors,  show,  as  we  believe,  unmistakably  that  the 
lymph  is  carried  into  the  circulation  more  readily  and  much  earlier 
by  the  way  of  the  lymphatics  than  directly  through  the  walls  of  the 
blood  vessels.  It  should,  however,  be  stated  at  the  outset  that  there  is 
one  important  point  in  which  the  method  adopted  in  the  experiments 
of  the  other  authors  differed  from  that  employed  in  our  research.  We 
introduced  into  the  abilominal  cavities  of  rabbits  mostly  very  small 
quantities,  not  more  than  1  or  2  cubic  centimetres  of  the  fluids  being 
employed;  the  absorption  of  such  small  amounts  certainly  afforded  a 
greater  similarity  with  that  of  the  normal  lymph  than  when  the  large 
quantities  of  fluids  used  by  these  other  writers  were  employed. 

Substances  which  produce  characteristic  manifestations  after  pass¬ 
ing  the  circulation  were  introduced,  after  which  the  first  appearance  of 
these  manifestations  was  noted.  Thus  after  strychnine  had  been 
injected  we  watched  for  the  appearance  of  the  outbreak  of  the  charac¬ 
teristic  tetanus,  or  when  potassium  ferrocyanide  had  been  introduced 
the  exact  time  of  its  first  appearance  in  the  urine  was  duly  recorded. 
This  was  done  in  normal  animals  as  well  as  in  animals  with  ligated 
lymphatic  ducts  and  the  times  of  the  first  appearance  of  the  appro¬ 
priate  manifestations  in  the  animals  of  both  series  were  compared.  As 
we  were  compelled  for  various  reasons  to  confine  our  study  exclusively 
to  rabbits  we  did  not  attempt  to  ligate  the  thoracic  duct  itself  in  these 
animals,  but  resorted  to  the  method  of  ligating  the  left  innominate 
vein  just  below  the  juncture  of  the  subclavian  and  the  jugular  veins. 
Ligation  at  this  point  serves  practically  the  same  purpose,  since  it  en¬ 
tirely  prevents  the  lymphatic  duct  from  emptying  its  contents  into  the 
circulation.  This  same  method  was  also  employed  independently  by 
Hamburger,  as  stated  above,  but,  in  justice  to  ourselves,  it  should  be 
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stated  that  these  experiments  of  ours  were  started  months  before  the 
publication  of  Hamburger’s  work.  For  reasons  to  be  explained  here¬ 
after,  in  most  of  our  experiments  we  ligated  also  the  right  innominate 
vein,  and  thus  prevented  also  the  lymph  carried  by  the  right  lym¬ 
phatic  duct  from  entering  the  circulation. 

The  ligation  of  both  innominate  veins,  however,  not  only  effects 
an  exclusion  of  the  lymph  from  the  circulation,  but  also  prevents  the 
return  of  the  venous  blood  from  tlie  brain,  and  indeed  certain  of  our 
experiments  seemed  to  show  that  the  venous  hyperremia  of  the  brain 
exerts  an  influence  upon  the  tetanic  outbreak  as  well  as  upon  the 
secretion  of  the  urine.  If,  therefore,  after  ligation  of  both  innominate 
veins  some  alteration  in  the  ordinary  manifestations  occurs,  it  might 
be  urged  that  these  differences  can  just  as  well  be  ascribed  to  the 
venous  hypersemia  as  to  the  ligation  of  the  lymphatics.  To  meet 
this  objection  we  ligated  in  each  control  rabbit  both  external  jugular 
veins,  which  in  rabbits  ai’e  the  main  carriers  of  the  venous  blood  from 
the  brain,  the  internal  jugular  veins  being  very  small.  In  this  way 
the  rabbits  in  both  series  were  put  upon  an  equal  footing  with  regard 
to  the  state  of  venous  hypersemia  of  their  brains,  but  still  differed  with 
regard  to  their  lymphatic  ducts,  which  were  open  in  those  of  the  one 
and  ligated  in  those  of  the  other  series.  Hence  we  were  justified  in 
considering  any  variations  in  the  manifestations  in  the  two  rabbits  as 
being  due  to  the  difference  in  the  state  of  the  lymphatics. 

The  animals  were  well  anossthetized,  the  anaesthetic  used  in  this 
set  of  experiments  being  for  the  most  part  ether,  as  we  had  oceasion 
to  learn  that  chloral  retards  or  even  suppresses  the  outbreak  of  the 
strychnine  tetanus.  The  strychnine,  as  well  as  the  potassium  ferro- 
cyanide,  was  mostly  dissolved  in  a  one-per-cent  solution  of  sodium 
chloride,  which  is  nearly  isotonic  with  the  serum  of  the  rabbit.  The 
results,  however,  were  exactly  the  same  when  the  saline  solution  had 
a  hypotonic  concentration  of  O.G  or  of  0.3  per  cent. 

Our  procedure  was  then  mostly  as  follows:  Two  rabbits  of  about 
the  same  weight  and  at  about  the  same  stage  of  digestion  were  tied  on 
holders  and  ansesthetized.  In  one  of  the  animals  the  innominate  veins 
were  dissected  out  and  threads  put  around  them.  This  rabbit  we  con- 
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stantly  termed  A.  In  the  other  rabbit,  which  we  termed  B,  threads 
were  put  around  the  external  jugular  veins.  The  several  veins  in  both 
rabbits  were  then  ligated  simultaneously.  Very  small  incisions  were 
next  made  in  the  linea  alba  leading  to  the  peritoneal  cavity.  Through 
these  fine  openings  a  fixed  amount  of  the  fluid  was  introduced  by 
means  of  a  syringe  with  a  blunt  point,  the  openings  being  clamped 
after  each  injection,  thus  preventing  the  escape  of  any  portion  of  the 
fluid.  If,  however,  by  any  mischance  a  droplet  did  escape  or  was 
wasted,  this  difference  was  always  charged  to  A.  For  the  same  reason 
the  injection  was  always  first  made  into  A  in  order  to  give  to  it  the 
benefit  of  the  extra  time  which  elapsed  between  the  two  injections. 
The  urine  was  obtained  by  pressing  over  the  region  of  the  bladder, 
which  very  rarely  failed  to  respond.  This  method  was  the  more  satis¬ 
factory,  since  with  even  the  smallest  droplet  of  urine  diluted  with 
water  it  was  easy  to  demonstrate  the  presence  of  potassium  ferro- 
cyanide  by  means  of  the  characteristic  Prussian-blue  reaction.  Even 
in  a  dilution  of  1  to  40,000  the  addition  of  perchloride  of  iron  brings 
out  this  fine  blue  colour. 

We  shall  now  give  condensed  protocols  of  a  few  of  our  experi¬ 
ments  which  speak  for  themselves: 

Experiment  71. — Eabbit  A,  1,750  grammes,  both  innominate  veins 
ligated.  Eabbit  B,  1,750  grammes,  both  external  jugular  veins  ligated. 
Injected  into  the  abdominal  cavities  of  each  0.6  milligramme  of  strych¬ 
nine  at  4.19  p.  M.  No  effect.  At  4.39,  0.3  milligramme  of  strychnine  was 
injected  again  into  each;  eight  minutes  later,  at  4.37,  B  had  a  character¬ 
istic  opisthotonos;  at  4.44,  no  convulsions  yet  in  A;  added  0.3  milli¬ 
gramme  of  strychnine;  at  5.3,  added  again  0.4  milligramme  of  strychnine; 
characteristic  tetanus  in  A  at  5.30.  This  means  that  in  the  rabbit  with¬ 
out  the  lymphatics  the  strychnine  took  effect  forty-three  minutes  later 
than  in  the  normal  rabbit,  and  that  with  a  dose  nearly  twice  as  large. 

Exp.  75. — A,  female  rabbit,  1,460  grammes,  both  innominate  veins 
ligated.  B,  female  rabbit,  1,430  grammes,  both  external  jugular  veins 
ligated.  Injected  at  4.59  p.  m.  into  the  abdominal  cavity  of  each  rabbit 
one  cubic  centimetre  of  a  five-per-cent  solution  of  potassium  ferrocyanide. 
Test  of  urine  after  ten  minutes  negative  in  both.  At  5.18  injected  again 
into  both  0.5  cubic  centimetre  of  same  fluid.  At  5.39,  Prussian-blue  re¬ 
action  in  the  urine  of  B;  the  urine  of  both  tested  every  ten  minutes;  B 
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retained  the  positive  reaction.  Urine  of  A  shows  for  the  first  time  the  re¬ 
action  of  Prussian  blue  at  6.6.  This  means  that  in  the  rabbit  without 
the  lymphatics  the  potassimn  ferrocyanide  reaches  the  urine  thirty-seven 
minutes  later  than  in  the  other  rabbit.  The  same  rabbits  were  then  used 
for  an  experiment  with  strychnine.  At  6.14,  0.8  milligramme  of  strych¬ 
nine  was  injected  into  each;  B  succumbed  to  a  typical  tetanus  at  6.22;  no 
convulsions  in  A.  At  6.44  again  0.8  milligramme  of  strychnine  injected 
into  A.  Tetanus  at  6.55.  The  second  part  of  the  experiment  gave  results 
confirmatory  of  the  first. 

Exp.  76. — A,  male  rabbit,  1,266  grammes,  both  innominate  veins 
ligated.  B,  female  rabbit,  1,280  grammes,  both  external  jugular  veins 
ligated.  At  4.30  injected  into  A  0.9  cubic  centimetre  of  five-per-cent 
potassium  ferrocyanide,  and  at  4.33  injected  into  B  0.7  cubic  centimetre 
of  same  solution.  At  4.43  no  reaction  in  the  urine  of  either.  At  4.48 
injected  again  into  each  0.5  cubic  centimetre  of  same  solution;  at  5.17 
Prussian-blue  reaction  in  the  urine  of  B,  absent  in  the  urine  of  A.  Urine 
of  A  tested  every  ten  minutes.  Till  6.14  no  reaction.  At  5.35  a  piece  of 
absorbent  cotten  pressed  into  the  right  thoracic  aperture  in  A  near  liga¬ 
ture  of  right  innominate  vein,  where  some  drops  of  lymph  seemed  to 
collect,  showed  the  Prussian-blue  reaction.  No  reaction  in  left  aperture, 
where  the  tissue  seemed  to  be  dry.  At  6.18  the  testing  of  urine  was 
discontinued  and  rabbits  were  used  for  strychnine — ^large  doses.  Again 
a  difference  in  favour  of  B,  though  not  as  great  as  before. 

Autopsy  of  A;  Distinct  reaction’ of  Prussian  blue  all  over  the  ab¬ 
dominal  cavity,  except  within  the  bladder.  Autopsy  of  B;  No  reaction  of 
Prussian  blue  in  the  abdominal  cavity;  present  in  the  urine.  In  this 
experiment  it  looks  as  if  very  little,  if  any,  absorption  had  taken  place  in 
rabbit  A,  with  the  ligated  lymphatics. 

Exp.  77. — Babbit  A,  1,140  grammes,  both  innominate  veins  ligated. 
Babbit  B,  1,080  grammes,  both  external  jugular  veins  ligated.  At  4.41 
injected  into  A  0.9  cubic  centimetre  of  five-per-cent  potassium  ferro¬ 
cyanide,  and  into  B  0.7  cubic  centimetre  of  same  fiuid.  At  4.52  test  of 
urine  of  both  negative.  At  4.55  injected  again  into  A  0.6  cubic  centi¬ 
metre,  and  into  B  0.5  cubic  centimetre  of  same  fluid.  At  5.37  the  urine 
of  B  showed  positive  reaction  of  Prussian  blue.  Testing  urine  of  A  every 
ten  minutes  continued  until  6.17,  but  no  reaction.  At  5.55  there  was  a 
positive  reaction  on  cotton  dipped  in  right  aperture  of  A;  no  reaction 
from  left.  At  6.30  animals  used  for  strychnine  with  same  results  as  in 
the  other  experiments. 

Exp.  84. — Babbit  A,  2,180  grammes,  both  innominate  veins  ligated. 
Babbit  B,  2,150  grammes,  both  external  jugular  veins  ligated.  Both 
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holders  kept  slanting;  heads  higher.  At  3.56  injected  into  each  1  cubic 
centimetre  of  potassium  ferrocyanide.  Urine  tested  every  ten  minutes. 
At  4.20,  in  the  urine  of  B,  a  positive  Prussian-blue  reaction;  testing  con¬ 
tinued  every  ten  minutes.  At  4.55  first  positive  reaction  in  urine  of  A. 
Eight  thoracic  aperture  shows  positive  reaction  of  Prussian  blue  at 
4.30;  no  reaction  in  left  aperture.  At  5.20  animals  used  for  an  experi¬ 
ment  with  strychnine,  with  the  same  characteristic  results  as  those  re¬ 
ported  above. 

These  experiments  go  to  show  that,  in  the  first  place,  in  tAvo  rabbits 
of  about  the  same  size  an  equal  dose  of  strychnine  produced  a  tetanic 
outbreak  much  earlier  in  the  animal  with  open  lymphatics  than  in 
the  one  Avhose  lymphatic  ducts  w'^ere  ligated.  Moreover,  some  of  these 
control  rabbits,  as  we  know  from  experiments  not  mentioned  here,  did 
not  show  any  signs  of  tetanus  at  all  when  no  more  strychnine  was  in¬ 
jected  into  them.  It  is  true  that  Avhen  the  initial  doses  of  strychnine 
Avere  large  the  difference  betAveen  the  results  Avhich  occurred  in  A 
and  B  Avas  less  striking,  and  it  could  probably  be  proved  that  Avithin 
certain  limits  the  interval  betAveen  the  tetanic  outbreaks  in  A  and  B 
increases  in  inverse  proportion  to  the  doses  used  for  injection.  For 
the  purpose  of  establishing  the  presence  of  such"  a  difference  betAveen 
the  tAvo  kinds  of  rabbits,  Ave  have  found  it  advisable,  therefore,  to 
begin  the  injections  with  small  doses,  Avhicli  Avere  folloAved  from  time 
to  time  by  still  smaller  doses,  until  the  first  tetanic  outbreak  in  one  of 
the  rabbits  occurred.  Disregarding,  then,  for  the  present,  the  ques¬ 
tion  of  the  influence  of  the  quantity  injected  upon  the  absorption,  it 
must  be  conceded  that  our  experiment  goes  some  Avay  toAvard  estab¬ 
lishing  the  fact  that  the  rabbits  Avith  open  lymphatics  absorb  strych¬ 
nine  from  the  peritoneal  cavity  a  great  deal  more  readily  than  those 
Avhose  lymphatics  have  been  rendered  impassable. 

It  must  be  conceded,  lioAveA'er,  that  the  experiments  Avith  strych¬ 
nine  by  themselves  cannot  be  considered  as  furnishing  an  unassailable 
proof  for  the  conclusion  that  peritoneal  fluids  are  carried  into  the  cir¬ 
culation  mainly  by  the  lymphatics.  Against  such  an  assumption  it 
might  be  urged  that  rabbits  of  the  same  size  and  apparently  in  the 
same  general  condition  shoAv  quite  a  different  degree  of  irritability 


I.  Adler  and  S.  J.  Meltzer 


489 


and  react  differently  to  the  same  doses  of  strychnine,  so  that  an  effect¬ 
ive  dose  for  one  rabbit  is  often  subininimal  for  another  of  the  same 
size.  Sometimes  it  seemed  to  us  that  by  the  indolence  or  hyperexcita¬ 
bility  of  a  rabbit  we  could  predict  whether  it  would  require  a  large  or 
a  small  dose  to  produce  a  tetanic  effect;  and  indeed  we  have  often 
taken  the  point  of  excitability  of  the  animals  into  consideration  when 
comparing  the  effect  of  strychnine  upon  two  rabbits.  Now,  as  a  mat¬ 
ter  of  fact,  we  never  saw  a  rabbit  with  ligated  lymphatic  ducts  suc¬ 
cumbing  sooner  to  the  effect  of  strychnine  than  a  normal  one.  Never¬ 
theless  it  might  be  claimed  that,  after  all,  chance  had  played  a  trick 
upon  us,  giving  us  constantly  indolent  rabbits  for  series  A  and  irritable 
rabbits  for  series  B,  so  that  the  difference  of  time  between  the  tetanic 
outbreak  might  be  due  only  to  this  idiosyncrasy  of  the  rabbit,  and  not 
to  the  ligation  of  the  lymphatics.  This  is,  to  be  sure,  not  a  very  prob¬ 
able  assumption,  but  it  suffices  nevertheless  to  make  the  demonstra¬ 
tion  appear  incomplete. 

The  complete  proof,  however,  of  the  importance  of  the  part  played 
by  the  lymphatics  in  the  process  of  absorption  from  the  peritoneal 
cavity  is  furnished,  as  we  think,  by  the  experiments  with  the  injec¬ 
tions  of  potassium  ferrocyanide.  We  see  in  these  the  Prussian-blue 
reaction  appearing  in  the  urine  of  the  rabbit  with  the  ligated  lym¬ 
phatics  (A)  much  later  than  in  B,  with  the  lymphatics  open  and  un¬ 
obstructed.  This  was  a  constant  occurrence  in  all  our  experiments 
made  with  potassium  fen-ocyanide,  and  the  delay  in  A  was  here  even 
more  striking  than  in  the  experiments  with  strychnine,  the  reaction 
sometimes  not  appearing  at  all  during  the  entire  time  devoted  to  the 
observation.  Now  in  these  experiments  with  potassium  ferrocyanide 
there  seems  to  be  no  possible  ground  for  assuming  that  constitutional 
variations  with  regard  to  the  secretion  of  the  urine  were  the  cause  of 
the  delayed  reaction.  Moreover,  the  same  rabbit  with  ligated  lym¬ 
phatics  in  which  a  late  appearance  of  potassium  ferrocyanide  in  the 
urine  was  noted  shows  also  a  retardation  of  the  tetanic  outbreak  after 
injection  of  strychnine;  one  could  hardly  go  so  far  as  to  claim  this 
constant  coincidence  as  merely  accidental.  Finally,  the  autopsy  in  Ex¬ 
periment  7G,  made  two  hours  after  injection,  does  away  with  all 
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doubts.  In  the  rabbit  with  the  ligated  lymphatic  duct  (A)  Prussian- 
blue  reaction  could  be  obtained  all  over  the  peritoneal  cavity,  and  no 
reaction  was  present  in  the  fluid  within  the  bladder,  while  in  the  rabbit 
with  open  lymphatic  ducts  (B)  no  reaction  could  be  obtained  in  the 
abdominal  cavity  and  a  positive  reaction  was  present  in  the  fluid  in 
the  bladder.  This  flnding  certainly  means  that  with  open  lymphatics 
there  is  excellent  absorption;  with  ligated  lymphatics  there  is  no 
absorption,  or,  if  it  occurs  at  all,  it  is  very  slow. 

To  complete  our  experience  with  the  injections  of  potassium  ferro- 
cyanide  we  will  append  a  few  short  protocols  of  experiments  in  which 
only  one  lymphatic  duct  was  ligated: 

Exp.  81a. — Male  rabbit,  1,920  grammes,  right  jugular  vein  ligated. 
At  9.37  P.  M.  injected  into  peritoneal  cavity  1  cubic  centimetre  of  potas¬ 
sium  ferrocyanide;  at  9.59,  twenty-two  minutes  after  injection,  Prussian- 
blue  reaction  in  the  urine. 

Exp.  81b. — Female  rabbit,  2,100  grammes,  right  innominate  vein 
ligated.  At  10.29  p.  m.  injected  into  peritoneal  cavity  1  cubic  centimetre 
of  potassium  ferrocyanide.  At  10.44,  0.5  cubic  centimetre  of  same  solu¬ 
tion  was  added.  First  reaction  of  Prussian  blue  in  urine  appeared  at 
11.20  p.  M.,  fifty-two  minutes  after  first  injection  and  thirty-two  minutes 
after  second  injection. 

Exp.  81c. — Male  rabbit,  1,500  grammes,  left  innominate  vein  ligated. 
At  9.58  p.  M.-  injected  into  the  peritoneal  cavity  1  cubic  centimetre  of 
five-per-cent  potassium  ferrocyanide;  urine  tested  every  ten  minutes. 
First  Prussian-blue  reaction  at  11.8,  seventy  minutes  after  injection. 

Exp.  83a. — Male  rabbit,  1,430  grammes,  both  jugular  veins  and  left 
innominate  vein  ligated,  thoracic  duct  apparently  torn,  whitish  fluid 
oozing.  At  5.40  p.  M.  injected  1  cubic  centimetre  of  five-per-cent  potas¬ 
sium  ferrocyanide;  at  5.51  P.  M.  injected  an  additional  0.6  cubic  centi¬ 
metre  of  same  solution.  The  whitish  fluid  in  the  left  aperture  showed  at 
5.50  a  positive  Prussian-blue  reaction.  At  6.34  the  first  positive  Prussian- 
blue  reaction  appeared  in  the  urine,  fifty-three  minutes  after  first  and 
forty-three  minutes  after  second  injection.  Lymph  of  thoracic  duct 
showed  Prussian-blue  reaction  after  injection. 

Exp.  83b. — Male  rabbit,  1,160  grammes,  both  jugular  veins  and  right 
innominate  vein  ligated.  Injected  into  peritoneal  cavity  at  5.40  P.  M. 
1  cubic  centimetre  of  potassium  ferrocyanide.  At  5.51  injected  an  addi¬ 
tional  0.6  cubic  centimetre  of  same  solution;  first  Prussian-blue  reaction 
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in  urine  at  6.18,  thirty-eight  minutes  after  first  and  twenty-seven  minutes 
after  second  injection. 

These  experiments  show  clearly  that  the  ligation  of  even  one 
lymphatic  duct  retards  distinctly  the  time  of  the  first  appearance  of 
potassium  fei’rocyanide  in  the  urine,  and  it  is  quite  remarkable  to 
find  that  the  ligation  of  the  right  lymphatic  duct  also  exerts  a  marked 
influence  upon  the  absorption  from  the  peritoneal  cavity,  although 
this  influence  is  apparently  less  than  that  exerted  by  the  left  lym¬ 
phatic  duct.  Although  our  experiments  in  this  regard  are  not  as 
yet  numerous  enough  to  satisfy  us  as  to  the  conclusions  which  may 
safely  be  deduced  from  them,  they  certainly  support  those  which 
have  already  been  drawn  from  the  other  experiments  and  explain  at 
the  same  time  our  motive  for  ligating  both  innominate  veins  when 
proceeding  to  show  in  a  general  way  the  importance  of  the  lymph 
paths  for  the  absorption  of  fluids  from  the  peritoneal  cavity. 

Our  experiments  with  the  ligation  of  the  innominate  veins 
show  that  ligation  of  the  lymphatic  ducts  retards  the  entrance  of  the 
fluids  from  the  peritoneal  cavity  into  the  circulation.  But  they  also 
show  that  the  ligation  merely  retards,  but  does  not  prevent  the  final 
entrance  of  the  fluid  into  the  circulation.  On  the  contrary,  in  all  cases 
in  which  our  time  and  patience  permitted  a  sufficiently  long  observa¬ 
tion,  the  Prussian-blue  reaction  finally  appeared  even  in  the  animals 
both  of  whose  lymphatic  ducts  were  ligated.  The  final  appearance  of 
the  reaction  in  the  urine  under  these  circumstances  can  not  be  othei’- 
wise  explained  than  by  the  assumption  that  the  potassium  ferrocyanide 
in  the  abdominal  cavity  made  its  way  into  the  circulation  directly 
through  the  walls  of  the  blood  vessels. 

We  would  insist,  however,  that  this  fact  can  not  by  any  means  be 
urged  as  a  proof  for  the  assumption  that  in  normal  animals  also  the 
lymph  passes  into  the  circulation  not  only  by  way  of  the  lymphatics, 
but  also  directly  through  the  blood  vessels.  One  of  the  main  causes 
for  the  lymph  secretion,  and  certainly  for  the  lymph  movement,  is 
to  be  found  in  the  difference  between  the  intra-  and  extra-capillary 
pressure.  The  pressure  in  the  capillaries  is  higher  than  in  the  sur¬ 
rounding  lymph  spaces;  in  the  lymph  spaces  it  is  higher  than  in  the 
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lymph  vessels;  and  in  these,  again,  it  is  higher  than  in  the  large  ducts; 
finally,  the  pressure  in  the  lymphatic  ducts  is  higher  than  in  the  in¬ 
nominate  veins.  Now,  while  it  is  only  natural  that  the  fluid  in  the 
lymph  spaces  should  move  through  the  lymphatics  to  a  locality  of  the 
circulation  where  the  pressure  is  lower,  it  is  against  reason  to  expect 
that  the  fluid  shall  move  directly  in  opposition  to  an  increase  of  pres¬ 
sure — viz.,  from  the  lymph  spaces  into  the  capillaries. 

This  rule,  however,  applies  only  to  normal  animals,  and  not  to 
animals  whose  lymph  ducts  have  been  ligated.  Immediately  after 
the  outfloAV  of  the  lymph  into  the  circulation  is  prevented  the  pres¬ 
sure  within  the  ligated  duct  begins  to  rise ;  this  increase  is  transferred 
backward  toward  the  lymph  spaces,  and  the  longer  the  ligation 
lasts  the  higher  the  pressure  rises  all  along  the  lymph  vessels  and 
the  lymph  spaces.  Thus  it  is  probable  that  after  a  certain  length  of 
time  the  pressure  within  all  the  lymph  spaces  becomes  equal  to  the 
pressure  within  the  blood  capillaries,  and  in  some  lymph  spaces  the 
pressure  of  the  fluid  within  them  becomes  even  higher  than  that 
in  the  blood  capillaries  around  which  they  are  collected  and  into 
which  they  now  discharge,  impelled  by  the  same  force  hy  which  the 
lymph  usually  leaves  the  capillaries — hy  filtration.  Now  we  have 
seen  in  our  experiments  that  even  iinder  such  favourable  circum¬ 
stances  and  with  no  other  road  open  the  filtration  of  the  fluid  from 
the  lymph  spaces  into  the  blood  vessels  occurs  somewhat  slowly.  How 
can  it  be  expected,  then,  that  in  normal  animals,  where  the  filtration 
against  pressure  is  impossible  and  where  by  the  way  of  open  lym¬ 
phatics  there  is  an  easy  path  by  which  the  fluid  can  move  on,  this 
fluid  should  nevertheless  select  its  way  through  the  walls  of  the  blood 
vessels? 

Before  concluding  this  part  it  may  be  added  that  Cohnstein,* 
who  is  also  fighting  against  the  degradation  of  the  lymphatics,  never¬ 
theless  admits  that  colouring  substances,  hyper-  and  hypo-tonic  salt 
solutions,  and  other  “  different  ”  fluids  actually  enter  the  circulation 
through  the  walls  of  the  capillaries.  We  have  experimented  with  a 
five-per-cent  solution  of  a  salt — potassium  ferrocyanide — which  is 

*  Cohnstein,  loc.  cit. 
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certainly  a  hypertonic  fluid  with  a  high  osmotic  pressure  and  should 
therefore  have  met  with  no  difficulty  in  entering  into  the  circulation 
directly  through  the  walls  of  the  blood  vessels  by  the  simple  process  of 
osmosis.  Nevertheless  we  have  seen  that  our  solution  of  this  salt  pre¬ 
ferred  the  track  of  the  lymphatics. 

Experiments  with  Larger  Quantities. 

Among  the  above-mentioned  writers  on  this  subject,  Ham¬ 
burger  *  holds  the  most  decided  views  as  to  the  secondary  role  played 
by  the  lymphatics  in  the  act  of  absorption  of  fluids  from  the  peritoneal 
cavity.  Hamburger’s  opinion  is  founded  chiefly  upon  the  results  of 
his  own  experiments.  Some  months  previous  to  the  publication  of  his 
article  we  started  a  series  of  experiments  which  were,  so  far  as  the 
question  of  absorption  from  the  peritoneal  cavity  is  concerned,  quite 
similar  to  those  of  Hamburger,  but  which  do  not  by  any  means  bear 
out  the  conclusions  at  which  this  author  arrived.  Before  entering, 
however,  upon  the  report  of  our  own  experiments  we  Avish,  on  account 
of  the  importance  of  the  subject,  to  adduce  a  few  reasons  to  show  that, 
in  our  opinion.  Hamburger’s  own  experiments  do  not  justify  his  far- 
reaching  conclusions.  In  the  first  place,  the  method  employed  by 
Hamburger  is  not  adapted  to  furnish  precise  results.  In  nearly  all 
the  experiments  which  have  a  bearing  on  the  present  question  he  in¬ 
troduced  the  fluid  into  the  abdominal  cavity  through  a  sharply-pointed 
eanula  which  Avas  inserted  into  the  lumbar  region  of  the  rabbit,  and 
removed  the  fluid  again  by  inserting  a  Avider  trocar.  Our  OAvn  experi¬ 
ence  has  confirmed  the  assertion  made  by  many  Avriters  before  us, 
that  in  plunging  a  sharp  eanula  into  the  abdomen,  in  many  cases  the 
needle  gets  into  the  intestinal  lumen.  This  happens  more  especially 
Avhen  Avorking  Avith  rabbits.  Eurthermore,  the  inserted  trocar  cer¬ 
tainly  does  not  remove  all  the  fluid  from  the  abdomen,  and,  despite 
the  assertions  of  Hamburger,  Ave  must  affirm  that  our  experience  has 
shoAvn  to  us  that  by  this  method  sometimes  eA'en  more  than  half  of 
the  quantity  remains  in  the  abdomen.  Under  such  circumstances 
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it  is  impossible  to  say  wbetlier  the  lacking  fluid  in  one  or  the  other  ex¬ 
periment  was  entirely  absorbed,  or  whether  it  was  simply  improperly 
introduced  or  unsatisfactorily  removed.  Again,  Hamburger  never 
mentions  the  size  of  the  rabbit  employed  in  his  experiments.  This, 
however,  is  quite  an  important  point,  since  tw^o  animals  of  a  different 
size  might  show  a  difference  in  the  rapidity  of  absorption,  as  has  in¬ 
deed  been  claimed  by  G.  Wegner.*  But  supposing  that  two  rabbits 
of  different  sizes  be  found  to  show  the  same  rate  of  absorption;  this 
might  be  attributed  to  a  difference  in  the  results  due  to  the  ligation  of 
the  lymphatic  ducts  in  one  of  the  rabbits.  Finally,  the  number  of  ex¬ 
periments  which  Hamburger  reports  are  by  far  too  small  to  permit  such 
a  sweeping  conclusion  as  the  exclusion  of  the  lymphatics  from  taking 
part  in  the  absorption  of  lymph.  In  fact,  this  author  offers  only  one 
experiment  for  each  of  the  fluids  employed,  and  does  not  state  whether 
or  no  he  made  others  which  are  not  included  in  his  report.  It  may 
be  worth  wdiile  to  quote  all  his  experiments  which  have  any  bearing 
on  our  subject. 

t  A.  Exp.  8. — Injected  into  a  normal  rabbit  150  cubic  centimetres  of 
a  solution  of  sodium  chloride  (0.94  per  cent);  removed  after  half  an  hour 
89  cubic  centimetres;  absorbed  61  cubic  centimetres. 

f  B.  Exp.  26. — Injected  150  cubic  centimetres  of  the  same  solution 
into  a  rabbit  whose  innominate  vein  was  ligated;  removed  after  half  an 
hour  93  cubic  centimetres;  absorbed  57  cubic  centimetres. 

A.  Exp.  13. — Injected  into  a  normal  rabbit  150  cubic  centimetres  of 
concentrated  horse  serum;  removed  after  two  hours  140  cubic  centi¬ 
metres;  absorbed  10  cubic  centimetres. 

B.  Exp.  27. — Injected  into  a  rabbit  whose  left  innominate  vein  was 
ligated  150  cubic  centimetres;  removed  after  two  hours  144  cubic  centi¬ 
metres;  absorbed  6  cubic  centimetres. 

A.  Exp.  14. — Injected  into  a  normal  rabbit  150  cubic  centimetres 
of  two-per-cent  sodium  chloride;  removed  after  an  hour  109  cubic  centi¬ 
metres;  absorbed  41  cubic  centimetres. 

B.  Exp.  28. — Injected  into  a  rabbit  whose  left  innominate  vein  was 

*  G.  Wegner,  Arcltiv  filr  kliniscJie  CMrnrgic,  Bd.  xx. 

f  The  letters  A  and  b  are  our  additions  to  show  the  corresponding  ex¬ 
periments  for  one  and  the  same  fluid  which  do  not  follow  one  another  in  Ham¬ 
burger’s  article. 
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ligated  150  cubic  centimetres  of  the  same  fluid;  removed  after  an  hour 
133  cubic  centimetres;  absorbed  17  cubic  centimetres. 

A.  Exp.  18. — ^Injected  into  a  normal  rabbit  150  cubic  centimetres 
of  rabbit  serum,  diluted  with  half  as  much  water;  removed  after  an  hour 
89  cubic  centimetres;  absorbed  61  cubic  centimetres. 

B.  Exp.  29. — Injected  into  a  rabbit  whose  innominate  vein  was  ligated 
180  cubic  centimetres;  removed  after  an  hour  138  cubic  centimetres; 
absorbed  42  cubic  centimetres. 

A.  Exp.  20. — ^Injected  into  a  normal  rabbit  150  cubic  centimetres 
of  0.5-per-cent  sodium  chloride;  removed  after  half  an  hour  89  cubic 
centimetres;  absorbed  61  cubic  centimetres. 

B.  Exp.  30. — ^Injected  150  cubic  centimetres  of  same  fluid  into  a  rabbit 
whose  left  innominate  vein  was  ligated;  removed  after  half  an  hour  85 
cubic  centimetres;  absorbed  65  cubic  centimetres. 

"We  have  here  altogether  five  pairs  of  experiments,  each  pair  deal¬ 
ing  with  a  different  kind  of  fiuid.  The  one  with  the  concentrated 
horse  serum  counts  for  little,  as  hardly  any  absorption  was  noted  in 
either  of  the  experiments.  Of  the  remaining  four  parallel  experiments, 
two  show  a  decided  diminishing  effect  of  the  ligation  of  the  thoracic 
duct  upon  the  absorption,  while  two  show  no  such  an  effect.  And 
yet  these  two  parallel  experiments  are  the  only  ones  upon  which 
Hamburger  bases  his  categorical  conclusions. 

Our  experiments  which  chronologically  preceded  those  reported 
in  the  first  part  were  also  made  on  rabbits  which  were  narcotized  with 
chloral.  The  injections  were  made,  just  as  in  other  experiments,  by 
means  of  a  syringe  with  a  blunt  point  being  introduced  into  the  ab¬ 
dominal  cavity  through  a  small  opening,  which  w'as  then  sutured  and 
clamped.  The  fluid  had  a  temperature  of  99°  F.;  the  rabbit  re¬ 
mained  on  the  holder  during  the  entire  time  given  for  absorption, 
which  was  in  all  cases  forty  minutes.  After  killing  the  rabbit  and 
opening  the  abdomen,  the  collecting  of  the  remaining  fluid  was  done 
very  carefully,  partly  by  means  of  a  syringe  or  a  pipette,  and  part¬ 
ly  by  means  of  absorbent  cotton,  which  is  well  adapted  for  taking  up 
every  drop  of  fliiid  from  all  the  corners  and  folds  in  the  abdominal 
cavity.  In  the  majority  of  the  experiments  a  0.75-per-cent  solution 
of  sodium  chloride  was  employed,  but  0.92-per-cent,  0.6-per-cent,  and 
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0.3-per-cent  solutions,  respectively,  were  also  tested,  as  will  be  seen 
in  some  of  the  protocols.  It  is  unnecessary  to  recite  the  protocols  of 
all  our  experiments  or  to  report  them  chronologically  as  they  were 
made.  We  shall  only  select  certain  examples  from  among  them  to 
report  briefly,  arranging  them  in  such  a  manner  as  to  bring  out  more 
clearly  what  can  be  leaimed  and  what  can  not  be  learned  from  this  line 
of  experimentation. 

A  series  of  experiments,  accidentally  following  one  another, 
seemed  to  demonstrate  the  importance  of  the  lymphatics  in  the  pro¬ 
cess  of  absorption.  These  experiments  will  be  reported  flrst: 

Exp.  31. —  Female  rabbit,  1,960  grammes;  injected  into  abdominal 
cavity  100  cubic  centimetres  of  0.75-per-cent  sodium  chloride;  killed 
after  forty  minutes;  collected  from  peritoneal  cavity  65  cubic  centimetres; 
absorbed  35  cubic  centimetres. 

Exp.  32. — Female  rabbit,  2,100  grammes;  right  innominate  vein 
ligated;  *  injected  100  cubic  centimetres  of  0.75-per-cent  sodium  chlo¬ 
ride;  killed  after  forty-five  minutes;  collected  again  87  cubic  centi¬ 
metres;  absorbed  13  cubic  centimetres. 

Exp.  33. — Female  rabbit,  1,920  grammes;  left  innominate  vein  ligated; 
injected  100  cubic  centimetres  of  same  solution  as  before;  killed  after 
forty  minutes;  collected  81  cubic  centimetres;  absorbed  19  cubic  centi¬ 
metres. 

Exp.  34. — Female  rabbit,  2,400  grammes;  right  and  left  innominate 
vein  ligated;  injected  into  abdominal  cavity  98  cubic  centimetres  of  the 
same  solution;  killed  after  forty  minutes;  collected  86  cubic  centimetres; 
absorbed  12  cubic  centimetres. 

This  series  of  experiments  seemed  to  demonstrate  that  the  lym¬ 
phatics  exert  quite  a  preponderating  influence  upon  the  removal  of 
the  fluids  from  the  peritoneal  cavity,  the  ligation  of  both  innominate 
veins  reducing  the  absorption  by  about  66  per  cent.  And  it  was 
rather  surprising  to  And  the  right  lymphatic  duct  taking  such  a 
prominent  share  in  the  absorption.  Experiments  giving  results  simi¬ 
lar  to  the  above  were  met  with  more  than  once  and  also  under 

*  It  is  hardly  necessary  to  state  again  that  the  ligations  of  the  innominate 
veins  were  made  for  the  purpose  of  preventing  the  lymphatic  duct  from 
emptying  its  contents  into  the  circulation,  as  a  direct  ligation  of  the  duct 
is  hardly  practicable  in  rabbits. 
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different  conditions;  we  saw  in  parallel  experiments  a  distinct  influ¬ 
ence  of  the  ligation  upon  the  absorption  of  fluids  like  0.92-per-cent 
sodium  chloride,  the  absorption  of  which  is  very  slow,  and  also  upon 
the  absorption  of  0.3-per-cent  sodium  chloride,  which  disappears  quite 
quickly  from  the  peritoneal  cavity.  It  is  obvious,  however,  that  the 
small  quantities  observed  to  be  absorbed  after  ligation  would  only 
warrant  the  claim  of  a  diminution  in  the  absorption  due  to  the  liga¬ 
tion,  provided  that  it  could  first  be  shown  that  there  is  quite  a  stable 
coefficient  for  the  absorption  of  fluid  of  a  certain  density  and  in  a  cer¬ 
tain  time  from  the  abdominal  cavity  of  normal  animals.  Hamburger 
seems  to  have  presupposed  such  a  stability  without  further  proof,  or 
else  he  would  not  have  been  satisfied  with  only  one  experiment  for 
each  sort  of  fluid.  We  have  made  quite  a  large  number  of  observa¬ 
tions  on  the  absorption  in  normal  animals.  At  first,  indeed,  it  seemed 
that  the  absorbed  quantities  did  not  vary  very  much,  and  that  the 
smallest  quantity  absorbed  in  normal  rabbits  was  still  distinctly  larger 
than  the  quantities  absorbed  in  those  with  ligated  veins.  For  the 
0.75-per-cent  solution  of  sodium  chloride,  which  we  employed  most 
frequently,  35  cubic  centimetres  seemed  to  be  the  average  amount 
absorbed  in  forty  miniites.  We  will  illustrate  this  by  two  experiments: 

Exp.  18. — Female  rabbit,  1,520  grammes;  starved  for  twenty  hours; 
injected  98  cubic  centimetres  of  0.75-per-cent  sodium  chloride;  killed  after 
forty  minutes;  collected  61  cubic  centimetres;  absorbed  37  cubic  centi¬ 
metres. 

Exp.  28. — Male  rabbit,  2,400  grammes;  not  starved;  injected  100 
cicbic  centimetres  of  0.75-per-cent  sodium  chloride  into  peritoneal  cavity; 
killed  after  forty  minutes;  collected  65  cubic  centimetres;  absorbed  35 
cubic  centimetres. 

Other  experiments  showed  similar  results.  In  the  further  course 
of  our  researches,  however,  we  encountered  results  entirely  at  vari¬ 
ance  with  the  above.  As  will  be  seen  in  the  following  group  of  ex¬ 
periments,  among  our  normal  rabbits  there  were  not  only  instances  in 
which  the  absorbed  quantities  were  not  larger  than  those  found  in 
rabbits  with  ligated  veins,  but  some  animals  from  which  we  collected 
more  than  avc  had  injected  into  their  abdominal  cavities: 
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Exp.  36. — Female  rabbit,  1,700  grammes;  injected  100  cubic  centi¬ 
metres  of  0.75-per-cent  sodium  chloride;  killed  after  forty  minutes;  col¬ 
lected  75  cubic  centimetres;  absorbed  25  cubic  centimetres. 

Exp.  30. — Female  rabbit,  1,200  grammes;  injected  100  cubic  centi¬ 
metres  of  0.75-per-cent  sodium  chloride;  killed  after  forty  minutes;  col¬ 
lected  80  cubic  centimetres;  absorbed  20  cubic  centimetres. 

Exp.  34. — Female  rabbit,  1,800  grammes;  injected  100  cubic  centi¬ 
metres;  killed  after  forty  minutes;  recovered  82  cubic  centimetres;  ab¬ 
sorbed  18  cubic  centimetres. 

Exp.  38a. — Male  rabbit,  2,300  grammes;  injected  100  cubic  centi¬ 
metres  of  0.75-per-cent  sodium  chloride;  killed  after  forty  minutes;  re¬ 
covered  87  cubic  centimetres;  absorbed  13  cubic  centimetres. 

Exp.  40b. — llabbit,  1,080  grammes;  starved  forty-eight  hours;  in¬ 
jected  100  cubic  centimetres  of  0.75-per-cent  sodium  chloride;  killed 
after  forty  minutes;  collected  90  cubic  centimetres;  absorbed  ten  cubic 
centimetres. 

Exp.  39a. — Female  rabbit,  2,400  grammes;  injected  100  cubic  centi¬ 
metres  of  0.75-per-cent  sodium  chloride;  killed  after  forty  minutes;  re¬ 
covered  104  cubic  centimetres.  No  abnormal  condition  discoverable. 
Becovered  4  cubic  centimetres  more  than  injected. 

Tlie  following  pair  of  experiments,  which  were  made  exactly  at 
the  same  time  and  under  the  same  conditions,  are  very  instructive: 

Exp.  35a. — Female  rabbit,  1,780  grammes;  not  starved;  ligated 
right  innominate  vein;  injected  100  cubie  centimetres  of  0.75-per-cent 
sodium  chloride;  killed  after  forty  minutes;  collected  93  eubic  centi¬ 
metres;  absorbed  only  7  cubic  centimetres  (influence  of  ligation?). 

Exp.  35b. — Female  rabbit,  1,800  grammes;  injected  100  eubic  centi¬ 
metres  of  0.75-per-cent  sodium  chloride;  killed  after  forty  minutes; 
recovered  112  cubic  centimetres.  Nothing  abnormal;  recovered  12  cubic 
centimetres  more  than  injected. 

For  these  remarkable  differences  in  the  amount  of  absorption 
diiring  the  same  length  of  time  and  with  the  same  kind  of  fluid  Ave 
could  make  responsible  neither  the  size  nor  the  sex  of  the  rabbit,  nor 
the  state  of  its  digestion,  nor,  in  fact,  any  other  recognisable  condi¬ 
tion.  It  seemed  simply  that  in  rabbits  each  individual  has  its  own 
degree  of  capalnlity  of  absorption,  depending  upon  certain,  as  yet 
unknown,  conditions,  which  vary  considerably  in  different  individuals. 
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This  condition  was  established  not  only  for  the  saline  of  0.75  per  cent, 
but  also  for  saline  of  a  concentration  of  0.92  per  cent,  which  is,  accord¬ 
ing  to  Hamburger,  isotonic  with  the  serum  of  the  rabbit;  and  also 
for  hypotonic  salt  solutions  of  the  concentrations  of  0.6  and  of  0.3  per 
cent.  The  difference  in  the  absorption  between  the  isotonic  and  hypo¬ 
tonic  fluids  is  striking  enough  to  be  recognisable  even  in  the  great 
variety  of  the  absorbable  quantities  of  each  sort  of  fluid.  This  point 
is  well  illustrated  by  the  two  following  experiments,  which  show  in 
addition  the  interesting  fact  that  an  individual  which  absorbs  less  of 
one  kind  of  fluid  also  absorbs  less  of  another  kind  of  fluid: 

Exp.  51. — Eabhit,  960  grammes;  starved  twenty  hours;  injected 
97  cubic  centimetres  of  a  0.93-per-cent  solution;  after  forty  minutes 
rabbit  put  into  deep  ether  narcosis;  abdomen  opened,  all  the  fluid  col¬ 
lected,  recovered  75  cubic  centimetres;  absorbed,  33  cubic  centimetres; 
the  abdominal  incision  sutured  carefully;  injected  99  cubic  centimetres 
of  0.3-per-cent  sodium  chloride;  after  forty  minutes  rabbit  killed;  re¬ 
covered  30  cubic  centimetres;  absorbed  69  cubic  centimetres. 

Exp.  53. — liabbit,  1,300  grammes;  starved  twenty-four  hours; 
injected  99  cubic  centimetres  of  0.93-per-cent  sodium  chloride;  ether¬ 
ized;  after  forty  minutes  abdomen  opened  and  fluid  collected;  recov¬ 
ered  91  cubic  centimetres;  absorbed  8  cubic  centimetres.  Abdomen 
closed,  injected  100  cubic  centimetres  of  0.3  per-cent  sodium  chloride; 
after  forty  minutes  rabbit  killed;  collected  77  cubic  centimetres;  absorbed 
33  cubic  centimetres. 

The  first  experiment  shows  the  most  ready  absorption  for  the 
isotonic  fluid  (22  cubic  centimetres),  and  also  a  good  absorption  for 
the  hypotonic  fluid  (69  cubic  centimetres).  In  the  second  experi¬ 
ment  the  isotonic  fluid  is  poorly  absorbed  (9  cubic  centimetres),  and 
the  hypotonic  fluid  is  also  comparatively  scantily  absorbed  (23  cubic 
centimetres). 

We  shall  append  here  a  few  more  experiments  showing  tlie  differ¬ 
ence  in  the  absorption  between  the  isotonic  and  hypotonic  fluids  and 
the  variability  of  the  absorption  for  each  kind  of  fluid: 

Exp.  45. — Eabbit,  1,170  grammes;  not  starved;  injected  99  cubic 
centimetres  of  0.93-per-cent  sodium  chloride;  killed  after  forty  minutes; 
collected  85  cubic  centimetres;  absorbed  14  cubic  centimetres. 
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Exp.  44. — Eabbit,  1,1 'i'O  grammes;  starved  twenty-four  hours;  ligated 
right  innominate  vein;  injected  97  cubic  centimetres  of  0.92-per-cent 
sodium  chloride;  after  forty  minutes  collected  85  cubic  centimetres; 
absorbed  12  cubic  centimetres. 

Exp.  46. — Eabbit,  1,440  grammes;  starved  twenty-four  hours;  ligated 
right  and  left  innominate  veins;  injected  100  cubic  centimeires  of  0.92- 
per-cent  salt  solution;  killed  after  forty  minutes;  collected  97  cubic  centi¬ 
metres;  absorbed  7  cubic  centimetres. 

The  largest  quantity  of  the  isotonic  solution  of  sodium  chloride 
which  we  have  seen  absorbed  in  forty  minutes  was  22  cubic  centi¬ 
metres.  It  is  surprising  to  find  that  in  the  one  experiment  recorded 
by  Hamburger  with  the  isotonic  solution  of  0.94-per-cent  sodium  chlo¬ 
ride,  absorption  during  only  thirty  minutes  was  61  cubic  centimetres. 
And  it  is  still  more  surprising  to  see  that  also  for  the  hypotonic  solu¬ 
tion  of  0.5-per-cent  sodium  chloride,  Hamburger  records  the  absorp¬ 
tion  of  61  cubic  centimetres  during  thirty  minutes.  Our  experiments 
have  certainly  convinced  us  that  nothing  in  this  entire  question  of 
absorption  is  so  constant  as  the  striking  difference  in  the  quantities 
absorbed  according  as  the  fluids  are  isotonic  or  hypotonic.  This  dif¬ 
ference  in  the  absorption  can  be  already  recognised  unmistakably 
in  fluids  that  present  such  a  small  difference  in  concentration  as  that 
between  0.92  per  cent  and  0.75  per  cent.  The  quantity  absorbed 
becomes  markedly  increased  with  the  decrease  in  the  concentration  of 
the  salt  solutions,  as  is  clearly  demonstrated  in  Experiments  51  and  52 
quoted  above,  and  also  in  the  following  experiments: 

Exp.  56. — Male  rabbit,  medium  size;  injected  95  cubic  centimetres  of 
0.6-per-cent  sodium  chloride;  killed  after  forty  minutes;  collected  with 
absorbent  cotton  45  cubic  centimetres  of  a  bloody  fluid;  absorbed  50 
cubic  centimetres. 

The  next  two  experiments,  the  protocols  of  which  are  given  more 
in  detail,  seem  to  demonstrate  quite  positively  that  the  lymphatics 
have  no  infliience  at  least  upon  the  absorption  of  hypotonic  solutions 
of  0.6  per  cent.  This  point,  however,  will  be  dwelt  upon  later  on. 

Exp.  57. — Eabbit,  1,440  grammes;  thread  around  right  innominate 
vein  not  tied;  injected  100  cubic  centimetres  of  0.6-per-cent  salt  solu¬ 
tion;  etherization  after  forty  minutes;  abdomen  reopened;  fluid  colleeted 
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by  means  of  absorbent  cotton  held  in  forceps;  fluid  very  bloody;  collected 
56  cubic  centimetres;  waste  estimated  5  cubic  centimetres;  absorbed 
about  39  cubic  centimetres.  Ligature  around  right  innominate  vein  tied; 
abdominal  wound  sewed  up  and  clamped;  injected  again  93  cubic  centi¬ 
metres  of  0.6-per-cent  salt  solution;  reopened  after  forty  minutes;  fluid 
bloody;  collected  in  the  same  manner  as  before  54  cubic  centimetres; 
waste,  about  4  cubic  centimetres;  absorbed  about  35  cubic  centimetres. 
Autopsy:  The  blood  came  from  injury  to  liver;  ligature  included  phrenic 
nerve. 

Exp.  58. — Babbit,  2,140  grammes;  threads  round  both  innominate 
veins  not  tied;  injected  100  cubic  centimetres  of  0.6-per-cent  salt  solu¬ 
tion;  after  forty  minutes  etherized;  fluid  collected  with  cotton,  40  cubic 
centimetres;  waste,  8  cubic  centimetres;  absorbed  about  52  cubic  centi¬ 
metres.  Abdomen  closed;  right  innominate  vein  ligated;  injected  99 
cubic  centimetres  of  same  fluid;  abdomen  reopened  after  forty  minutes; 
after  a  few  minutes  of  artiflcial  respiration  by  tracheal  cannula  and 
bellows,  collected  with  cotton  47  cubic  centimetres;  waste,  2  cubic  centi¬ 
metres;  absorbed  50  cubic  centimetres.  Abdomen  closed  again;  left  in¬ 
nominate  vein  also  ligated;  injected  100  cubic  centimetres  of  the  same 
fluid;  after  forty  minutes  reopened;  for  a  few  minutes  artificial  respira¬ 
tion  again  employed;  rabbit,  however,  alive;  clear  fluid  collected  43 
cubic  centimetres;  no  waste;  absorbed  after  ligation  of  both  veins  57 
cubic  centimetres.  Autopsy:  Some  fluid  in  pleural  cavity;  nothing  ab¬ 
normal  otherwise. 

It  must  be  stated  that  for  the  salt  solutions  of  0.6  per  cent  there 
has  been  quite  a  remarkable  constancy  in  the  quantity  absorbed  dur¬ 
ing  forty  minutes;  it  varied  only  between  57  and  50  cubic  centi¬ 
metres,  39  cubic  centimetres  in  Experiment  57  being  the  only  ex¬ 
ception,  and  in  this  case  there  was  some  blood  oozing  from  the  injured 
liver,  so  that  it  is  impossible  to  say  how  much  of  the  absorbed  solution 
was  compensated  for  by  the  blood. 

The  difference  in  the  absorption  between  the  solutions  of  0.6  per 
cent  and  0.3  per  cent  in  our  experiments  was  less  striking  than  that 
existing  betw’een  the  solutions  of  0.92  per  cent  and  0.75  per  cent, 
or  between  the  solutions  of  0.75  per  cent  and  0.6  per  cent.  Parallel 
experiments  have  shown  an  apparent  influence  of  the  lymphatics  upon 
the  absorption  of  the  0.3-per-cent  salt  solution,  as  will  be  seen  from  the 
following  experiments : 
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Exp.  41. — Female  rabbit,  2,100  grammes;  starved  twenty  hours;  in¬ 
jected  100  cubic  centimetres  of  0.3-per-cent  sodium  chloride;  killed  after 
forty  minutes;  collected  41  cubic  centimetres;  absorbed  59  cubic  centi¬ 
metres. 

Exp.  42. — Female  rabbit,  1,620  grammes;  starved  twenty  hours;  right 
innominate  vein  ligated;  injected  100  cubic  centimetres  of  0.3-per-cent 
salt  solution;  killed  after  forty  minutes;  collected  54  cubic  centimetres; 
absorbed  46  cubic  centimetres. 

Exp.  43. —  Female  rabbit,  1,100  grammes;  not  starved;  ligated  right 
and  left  innominate  veins;  injected  100  cubic  centimetres;  killed  after 
forty  minutes;  collected  67  cubic  centimetres;  absorbed  33  cubic  centi¬ 
metres. 

The  coincidence  of  the  ligation  of  the  lymphatics  with  the  dimin¬ 
ished  absorption  in  the  last  two  experiments,  again  would  seem  to  in¬ 
dicate  that  the  lymphatics  influence  the  absorption.  But  it  must  be 
remembered  that  the  absorption  of  the  0.3-per-cent  salt  solution  in  the 
normal  rabbit  shows  also  quite  a  variation  in  the  quantities  disappear¬ 
ing  in  forty  minutes.  The  largest  quantity  we  have  noted  was  69 
cubic  centimetres  and  the  smallest  23  cubic  centimetres. 

Thus  far  we  have  pointed  out  the  variability  in  the  absorption  of 
fluids  in  normal  rabbits.  We  will  now  touch  upon  this  point  as  it 
affects  rabbits  with  ligated  lymphatics.  Here  we  have  to  speak  mainly 
of  our  experience  with  the  salt  sohition  of  0.75  per  cent,  as  the  experi¬ 
ments  made  with  fluids  of  other  concentrations  were  not  numerous 
enough  to  justify  us  in  speaking  of  rules  and  exceptions.  In  rabbits 
in  which  either  the  right  innominate  vein  alone  or  both  the  right 
and  left  veins  were  ligated  we  have  noted  without  any  exception  an 
absorption  of  only  comparatively  small  quantities — 22  cubic  centi¬ 
metres  being  the  largest  and  7  cubic  centimetres  being  the  smallest 
quantity  thus  far  noted.  But  with  the  left  innominate  vein  alone 
ligated  other  results  were  observed.  We  find  on  record  the  two  fol¬ 
lowing  experiments  where  the  quantities  absorbed  were  as  large  as 
in  tlie  normal  animals: 

Exp.  12. — Medium-sized  rabbit,  left  innominate  vein  ligated;  in¬ 
jected  95  cubic  centimetres  salt  solution;  rabbit  breathed  spontaneously, 
but  apparently  principally  with  right  side;  killed  after  forty  minutes; 
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collected  about  51  cubic  centimetres;  absorbed  44  cubic  centimetres. 
Left  phrenic  included  in  ligature.  This  was  the  very  first  experiment  in 
which  we  tried  the  ligation  of  the  innominate  veins. 

Exp.  17. — Male  rabbit,  1,635  grammes;  tracheotomy;  left  innomi¬ 
nate  vein  ligated;  injected  98  cubic  centimetres  salt  solution;  artificial 
respiration;  abdomen  opened  after  forty  minutes;  collected  68  cubic 
centimetres;  fluid  somewhat  bloody;  absorbed  30  cubic  centimetres.  Ex¬ 
periment  continued  for  ligation  of  vena  cava  inferior,  etc. 

This  last  experiment,  however,  can  be  excluded  on  account  of  the 
artificial  respiration,  which,  as  we  often  saw,  is  a  great  help  to  the 
absorption.  But  there  remains  the  first  experiment  with  the  unusual 
absorption  of  44  cubic  centimetres,  a  quantity  which  we  met  in  normal 
rabbits  with  a  solution  of  0.75  per  cent  only  once,  and  this  was  in  the 
experiment  following  closely  the  other  one. 

Exp.  13. — Medium-sized  rabbit;  injected  75  cubic  centimetres  salt 
solution;  killed  after  forty  minutes;  collected  30  cubic  centimetres;  ab¬ 
sorbed  45  cubic  centimetres. 

In  both  of  these  experiments,  and  only  in  these  two,  sponges  were 
tised  for  the  collection  of  the  fluid.  It  is  possible  that  the  sponges 
were  not  pressed  out  sufficiently. 

In  summing  up  the  results  which  can  possibly  be  derived  from  this 
line  of  experiments,  our  attention  is  engaged  in  the  first  place  by  the 
question  of  the  participation  of  the  lymphatics  in  the  act  of  absorption 
of  fluids  from  the  abdominal  cavity.  In  this  respect  we  learn,  in  the 
first  place,  two  negative  points. 

^Vlthough  in  one  or  two  parallel  experiments  the  rabbit  wdth 
ligated  thoracic  duct  may  show  as  much  absorption  as  the  rabbit 
whose  thoracic  duct  was  not  ligated,  this  does  not  justify  the  conclu¬ 
sion  that  the  lymphatics  do  not  aid  perceptibly  in  the  act  of  absorp¬ 
tion,  because  the  quantities  absorbed  at  the  same  time  in  the  normal 
rabbits  vary  considerably;  and  it  is  quite  possible  that  the  rabbit 
whose  duct  was  ligated  would,  without  ligation,  have  sliowm  a  much 
larger  absorption.  Hamburger’s  conclusion,  based  upon  only  two  ex¬ 
periments,  that  the  ligation  of  the  right  duct  does  not  affect  the  absorp¬ 
tion,  is  therefore  assuredly  not  justified. 
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On  the  other  hand,  although  a  number  of  our  experiments  have 
shown  us  a  diminished  absorption  in  rabbits  with  ligated  lymphatic 
ducts,  we  have  also  no  right  to  deduce  with  absolute  certainty  that  the 
ligation  was  the  cause  of  the  diminution  in  absorption,  because  the 
animal  might  by  accident  have  been  one  of  that  class  of  rabbits  which, 
even  without  ligation,  would  have  shown  the  same  poor  absorption. 

Our  experiments  (57  and  58)  with  the  O.G-per-cent  salt  solution, 
where  we  have  seen  in  one  and  the  same  animal  after  ligation  about 
the  same  quantities  absorbed  as  before  ligation,  would  certainly  ap¬ 
pear  to  be  conclusive  against  any  participation  of  the  lymphatics 
in  the  process  of  absorption  if  the  experiment  could  have  been  carried 
out  without  any  flaw.  This,  however,  was  not  the  case.  The  deep 
etherization  and  the  extensive  handling  of  the  peritonaeum  for  the 
purpose  of  collecting  all  the  fluid  from  the  first  injection  affected  the 
vitality  of  the  rabbit  to  such  a  degree  as  to  require  some  artificial 
respiration  to  keep  the  animal  alive;  and  there  can  be  no  doubt  that 
artificial  respiration  tends  greatly  to  increase  the  absorption  and  might 
oven  overcompensate  for  the  diminution  caused  by  the  ligation  of  the 
lymphatic  ducts;  and  then  there  was  always  some  waste,  and  the  fluid 
was  more  or  less  bloody. 

It  may,  however,  be  remarked  incidentally  that  the  fact  that 
the  absorbed  quantities  before  and  after  ligation  are  the  same  does 
not  necessarily  mean  that  the  paths  of  absorption  must  have  been 
the  same.  As  has  been  already  stated  in  the  first  part,  the  ligation 
of  the  lymphatic  duct  raises  the  pressure  within  the  lymph  spaces, 
and  thus  facilitates  the  filtration  of  the  lymph  directly  into  the  capil¬ 
laries.  It  could,  therefore,  be  claimed  that  absorption  takes  place 
before  ligation  by  the  route  of  the  lymphatics  and  after  ligation 
directly  by  filtration  into  the  blood  vessels,  both  modes  of  absorption 
being  equally  good,  so  that  the  absorbed  quantities  are  in  the  end  the 
same. 

Thus  far  we  have  derived  from  our  experiments  only  negative 
results — i.  e.,  they  have  taught  us  that  this  line  of  experimenting  can 
not  furnish  us  with  a  decisive  proof  for  either  of  the  conflicting  theo¬ 
ries  as  to  the  mode  of  absorption  from  the  peritoneal  cavity.  We 


I.  Adler  and  S.  J.  Meltzer 


505 


think,  however,  that  our  experiments  have  demonstrated  a  positive 
fact  which  gives  at  least  some  support  in  favour  of  the  theory  that  the 
lymphatics  are  of  essential  value  in  the  act  of  absorption. 

If  the  absorbed  quantities  be  arranged  in  tables,  according  to  the 
density  of  the  fluid  experimented  with  (0.92,  0.75,  0.6,  0.3  per  cent), 
it  will  be  seen  at  a  glance  that  for  each  fluid  there  is  a  considerable 
fraction  among  the  number  of  experiments  in  which  the  quantities 
vary  but  little.  Thus  for  the  0.75-per-cent  salt  solution,  with  which 
we  experimented  most  often,  we  found  in  more  than  one  half  of  our 
experiments  that  the  quantity  which  disappears  in  forty  minutes 
varied  between  30  and  40  cubic  centimetres,  though  the  remainder 
of  our  experiments  have  shown  a  great  variability,  but  only  in  a 
descending  order,  of  the  missing  amounts  of  fluids.  The  same  results 
wei’e  obtained  also  in  our  experiments  with  0.92-  and  0.3-per-cent  solu¬ 
tions  of  sodium  chloride.  And  it  is  by  the  character  of  the  quantities 
in  the  majority  of  the  experiments  and  also  by  their  upper  limit  that 
we  recognise  the  difference  in  the  absorbability  of  fluids  of  different 
concentrations.  (In  the  experiments  with  the  0.3-per-cent  solution 
the  largest  absorbed  quantity  was  69  cubic  centimetres;  in  the  0.75- 
per-cent,  45  cubic  centimetres;  and  in  the  0.92-per-cent,  22  cubic 
centimetres.) 

Xow,  if  we  glance  at  the  records  of  the  quantities  absorbed  in  the 
rabbits  whose  innominate  veins  Avere  ligated,  we  notice  that  the  table 
as  a  Avhole  differs  strikingly  from  that  obtained  from  normal  rabbits, 
though  for  both  series  of  experiments  one  and  the  same  fluid  Avas  used. 
In  the  large  number  of  rabbits  in  Avhich  a  sohition  of  0.75  per  cent  Avas 
injected  and  in  Avhich  either  both  innominate  veins  Avere  ligated  or  the 
right  one  alone,  the  largest  quantity  absorbed  Avas  22  cubic  centi¬ 
metres.  The  same  applies  also  to  all  cases  in  Avhich  the  left  innomi¬ 
nate  vein  Avas  ligated,  except  in  our  A’ery  first  experiment,  in  Avhich  44 
cubic  centimetres  Avere  absorbed.* 

*  In  the  latest  number  of  Virchow’s  Archio  (Bel.  cxliii,  Heft  1)  we  find  in 
an  article  by  Maximilian  Snlzer  the  statement  (p.  104)  that  in  a  few  eases 
l.-^  found  a  branch  of  the  thoracic  duct  enterinff  the  innominate  vein  0.5 
centimetre  below  the  entrance  of  the  main  duct.  This  branch  was  consider¬ 
ably  dilated  in  cases  in  which  the  thoracic  duct  was  ligated.  Could  not  the 
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We  do  not  think,  however,  that  this  single  experiment,  in  which 
the  methods  employed  in  collecting  the  fluid  were  still  imperfect,  can 
change  materially  the  impression  to  be  derived  from  the  entire  table. 
The  fact  therefore  remains  that  from  a  comparatively  large  number 
of  experiments  Avith  ligated  lymphatic  ducts  Ave  obtain  a  table  of  ab¬ 
sorbed  quantities  Avhich  is  markedly  on  a  lower  scale  than  that  deriA^ed 
from  experiments  Avith  normal  rabbits. 

In  other  words,  though  Ave  could  not  accept  the  single  experiments 
AAdth  ligation  as  a  positiA^e  proof  in  favour  of  the  lymphatics,  we  be¬ 
lieve  that  the  bulk  of  our  experiments  shoAV,  at  least  Avith  consider¬ 
able  probability,  that  the  lymphatics  exert  a  perceptible  influence 
upon  the  act  of  absorption  of  fluids  from  the  peritoneal  cavity. 

If  the  preceding  conclusion  is  correct,  it  implies  also  another  posi¬ 
tive  point  of  interest — viz.,  that  the  absorption  is  visibly  impaired 
by  the  ligation  of  the  right  lymphatic  duct.  We  had  reason  to  arrive 
at  a  similar  conclusion  from  a  fcAV  of  the  experiments  Ave  made  Avith 
potassium  ferrocyanide. 

Aside  from  the  significance  of  the  lymphatics  for  absorption  there 
are  a  feAv  other  points  bearing  upon  the  question  of  absorption  Avhich 
are  to  be  learned  from  our  experiments  and  Avhich  deserve  special 
mention. 

We  have  already  repeatedly  referred  to  our  observation  that  the 
(quantities  absorbed  from  the  abdominal  cavity  during  forty  minutes 
increased  Avith  the  decrease  in  the  concentration  of  the  fluid  intro¬ 
duced.  The  difference  in  the  absorption  betAveen  salt  solutions  of 
0.92  per  cent  and  of  0.75  per  cent  is  striking,  and  there  is  a  still  more 
marked  difference  betAveen  the  results  Avith  the  0.75-per-cent  solution 
and  those  of  the  O.G-per-cent  solution.  The  difference  betAA^een  the 
solutions  of  O.G  per  cent  and  0.3  per  cent  is  less  qu’onoAinced  in  our  ex¬ 
periments.  This  fact  demonstrates  the  importance  of  the  role  played 
by  osmosis  in  the  absorj)tion  from  the  peritoneal  cavity.  In  the  feAV 
experiments  of  Hamburger  *  Ave  do  not  find  any  difference  in  the 

excex)tional  existence  of  such  a  branch  exiilain  the  exceptional  failure  of  the 
lig'ation  of  the  left  innominate  vein,  which  was  certainly  ai)i)lied  above  thisi 
branch? 

*  Hamburger,  loc.  cit. 
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absorption  of  solutions  of  0.92-per-cent  and  of  0.5-per-cent  sodium 
chloride. 

In  the  experiments  of  Orlow,  *  however,  the  effect  of  concentra¬ 
tion  upon  absorption  was  so  easily  recognizable  that  this  author  did 
not  hesitate  to  draw  the  general  inference  that  the  absorption  of  the 
fluid  increases  in  inverse  ratio  to  its  concentration. 

Another  point  of  interest  is  the  variation  in  the  absorption  of 
fluids  of  the  same  concentration.  Other  authors  before  us  have 
spoken  of  this  inconstancy  in  absorption,  and  have  laid  great  stress 
upon  the  proportion  of  the  quantity  of  the  introduced  fluid  to  the 
weight  of  the  body.  AVe  took  almost  constantly  the  same  quantities 
for  our  injections,  and,  as  far  as  our  experiments  upon  rabbits  go, 
the  size  of  the  body  seemed  to  have  very  little  influence  upon  the 
amount  of  absorption;  we  have  seen  small  rabbits  absorb  quite 
large  quantities  and  large  rabbits  absorb  only  qiiite  small  quan¬ 
tities.  In  fact,  the  variation  in  the  absorption  seemed  to  be  en¬ 
tirely  independent  of  the  size,  sex,  stage  of  digestion,  or  any  other 
condition  accessible  to  our  observation.  And  not  only  was  the  ab¬ 
sorption  sometimes  exceedingly  scanty,  but  in  a  few  cases  even  more 
was  collected  than  had  been  put  in  when  no  morbid  or  abnormal  con¬ 
dition  could  be  discovered  which  could  be  held  responsible  for  this 
striking  occurrence.  As  yet  it  is  impossible  to  decide  whether  these 
wide  variations  in  the  absorption  are  due  to  some  individuality  in  the 
rabbits — i.  e.,  whether  the  same  rabbit  would  always  show  the  same 
degree  of  absorption,  or  whetlier  they  are  due  to  unknown  but  transi¬ 
tory  conditions  in  the  animals — i.  e.,  whether  one  and  the  same  rabbit 
would  at  different  times  absorb  different  quantities. 

AVithout  attaching  much  importance  to  the  fact,  it  may  neverthe¬ 
less  be  mentioned  that  all  our  animals  which  showed  a  scanty  absorp¬ 
tion  were  obtained  from  one  source,  while  all  those  showing  a  higher 
absorption  came  from  elsewhere. 


*  Orlow,  loc.  cit. 
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Some  Experiments  on  Absorption  from  the  Peritoneal  Cavity 
OF  Dead  Rabbits. 

To  Hamburger  *  belongs  the  credit  of  being  the  first  to  discover 
the  remarkable  fact  that  fiiiids  disappear  from  the  peritoneal  cavity 
even  in  the  case  of  dead  animals.  How,  if  this  disappearance  is  due  to 
absorption — i.  e.,  to  the  entrance  of  the  fluid  into  the  blood — its  occur¬ 
rence  Avould  seem  to  demonstrate  that  absorption  can  be  accomplished 
without  the  assistance  of  the  vital  forces.  Heidenhain,'  however, 
who  with  Orlow  believes  in  vital  force  for  the  act  of  absorption  from 
the  abdominal  cavity,  and  who  was  naturally  startled  by  the  communi¬ 
cation  of  Hamburger,  claims  in  his  latest  article  that  absorption,  ac¬ 
cording  as  it  takes  place  in  the  living  or  in  the  dead  body,  is  a  radically 
different  process,  and  he  refers  us  to  a  future  article  for  particulars 
on  this  point. 

This  question  of  absorption  in  the  dead  body  is  probably  destined 
to  excite  general  attention  and  to  provoke  much  discussion.  As  yet 
there  are  on  record  only  the  few  experiments  published  by  Ham¬ 
burger.  In  finding  an  explanation  of  the  fact,  it  would  seem  that  we 
should  not  encounter  any  difficulty  provided  only  that  we  assume  that 
absorption  is  carried  on  by  the  lymphatics,  since,  according  to  Heiden¬ 
hain  :};  and  others,  the  flow  of  lymph  from  the  thoracic  duct  continues 
for  a  long  time  after  death.  Hamburger,  however,  denies  the  truth 
of  such  an  assumption  on  the  ground  that  the  ligation  of  the  thoracic 
duct  does  not  influence  absorption.  But  here  again  this  author  offers 
only  one  experiment  with  ligation  of  the  thoracic  duct. 

We  find  in  our  protocols  a  number  of  observations  on  the  absorp¬ 
tion  in  dead  rabbits,  of  which  a  few  will  be  recorded  here.  The  ex¬ 
periments  were  made  exclusively  with  solutions  of  0.75-per-cent  so¬ 
dium  chloride,  which  had,  of  course,  only  room  temperature. 

Exp.  35. — Quoted  above;  35  cubic  centimetres  absorbed  in  forty 
minutes  during  life.  Abdomen  sewed  up;  injected  100  cubic  centimetres; 

*  Hamburger,  loc.  cit. 

Heidenhain,  Pfliig'er’s  ArcJiiv,  Bd.  Ixii,  p.  320. 
t  Ibid.,  Bd.  xlix. 
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opening  clamped;  collected  after  forty  minutes  70  cubic  centimetres; 
absorbed  30  cubic  centimetres;  tissue  a  little  imbibed. 

Exp.  18. — Quoted  above.  Absorbed  during  life  37  cubic  centimetres. 
Abdomen  sewed  up;  injected  100  cubic  centimetres;  after  one  hour  and 
forty  minutes  collected  20  cubic  centimetres;  absorbed  80  cubic  centi¬ 
metres.  Stomach  and  intestines  much  distended  with  gas. 

Exp.  39. — Quoted  above.  While  alive  injected  100  cubic  centimetres, 
and  recovered  after  forty  minutes  104  cubic  centimetres.  Abdomen 
sewed  up;  injected  100  cubic  centimetres  coloured  with  Prussian  blue; 
after  four  hours  and  fifteen  minutes  recovered  only  10  cubic  centimetres; 
absorbed  90  cubic  centimetres.  Intestines  and  stomach  exceedingly  dis¬ 
tended. 

The  absorption  in  these  rabbits,  which  took  place  after  death,  was 
certainly  not  inferior  to  that  which  occurred  during  life.  It  was 
thought,  however,  that  the  marked  distention  of  the  intestines  might 
have  served  as  a  mechanical  factor  to  produce  filtration.  In  the  fol¬ 
lowing  experiments,  therefore,  the  viscera  were  removed: 

Exp.  29. — Eabbit,  2,030  grammes;  injected  94  cubic  centimetres; 
killed  after  forty-five  minutes;  collected  74  cubic  centimetres;  absorbed 
20  cubic  centimetres.  Eabbit  exceedingly  fat.  Stomach  and  intestines 
removed,  abdominal  cavity  cleansed,  sewed  up;  injected  80  cubic  centi¬ 
metres;  after  two  hours  and  a  half  collected  64  cubic  centimetres;  ab¬ 
sorbed  16  cubic  centimetres. 

Exp.  30. — Eabbit,  1,200  grammes;  injected  100  cubic  centimetres; 
killed  after  forty  minutes;  collected  80  cubic  centimetres;  absorbed  20 
cubic  centimetres.  Stomach  and  intestines  removed,  cavity  cleansed 
and  sewed  up;  injected  80  cubic  centimetres;  after  two  hours  and  a  half 
collected  60  cubic  centimetres;  absorbed  20  cubic  centimetres;  pos¬ 
terior  wall  of  cavity  oedematous. 

From  these  and  other  of  our  experiments,  it  could  be  seen  that 
with  the  removal  of  the  viscera  the  absorption  was  considerably  dimin¬ 
ished.  The  fluid  gathered  on  both  sides  of  the  spinal  column  Avithoiit 
any  pressure.  It  must  be  remembered,  however,  that  the  diminution 
of  absorption  might  also  be  attributable  to  the  removal  of  the  visceral 
peritonseum. 

The  experiments  with  ligation  of  the  lymphatic  ducts  did  not  give 
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uniforni  results.  The  follov/lng  seemed  to  demonstrate  that  the  lym¬ 
phatics  control  the  absorption  from  the  abdominal  cavity  of  the  dead 
rabbit  also : 

Exp.  22. — Male  rabbit,  1,080  grammes;  right  innominate  vein  ligated 
by  a  bowknot;  rabbit  killed;  injected  97  cubic  centimetres;  collected 
after  two  hours  and  three  quarters  89  cubic  centimetres;  absorbed  8  cubic 
centimetres.  Knot  around  vein  untied,  abdomen  closed  by  continuous 
suhire;  injected  94  cubic  centimetres,  some  fluid  escaping;  overflow 
carefully  collected,  47  cubic  centimetres;  waste  liberally  estimated  10 
cubic  centimetres.  Abdomen  reopened  after  two  hours  and  three  quarters; 
collected  7  cubic  centimetres;  estimated  absorption,  30  cubic  centimetres. 
Abdomen  closed  again  carefully  by  interrupted  suture;  injected  64  cubic 
centimetres.  No  escape;  waste  estimated  7  cubic  centimetres.  Eeopened 
after  two  hours  and  three  quarters;  collected  7  cubic  centimetres.  Ab¬ 
sorption,  50  cubic  centimetres;  intestines  much  distended. 

In  some  other  experiments,  however,  the  ligation  did  not  seem  to 
exert  any  influence  upon  the  absorption. 

Exp.  32. — Quoted  above.  Right  innominate  vein  ligated;  absorption 
in  forty  minutes  while  alive  only  13  cubic  centimetres.  Abdomen  of  dead 
rabbit  carefully  sutured;  injected  98  cubic  centimetres;  no  escape  and 
no  waste  of  fluid;  reopened;  collected  after  forty  minutes  65  cubic 
centimetres;  absorbed  33  cubic  centimetres.  Tissue  of  abdominal  cavity, 
especially  of  posterior  wall,  exceedingly  imbibed. 

Exp.  34. — Quoted  above.  Both  innominate  veins  ligated;  absorbed 
in  forty  miniites  while  alive  12  cubic  centimetres.  Abdomen  sutured; 
injected  100  cubic  centimetres;  no  fluid  escaped;  reopened  after  forty 
minutes;  collected  73  cubic  centimetres;  absorbed  27  cubic  centimetres. 

In  these  and  other  experiments  we  have  seen  that  when  the  veins 
Avere  ligated  there  was  more  absorption  during  the  same  period  in 
the  dead  than  in  the  living  body. 

Our  ex]Aeriments  on  absorption  in  dead  rabbits  do  not  permit  of 
a  full  comparison  with  this  process  as  it  occurs  in  the  living  animals, 
since  iu  only  a  few  of  the  former  Avas  the  fluid  removed  after  forty 
minutc'S,  the  time  Avhich  Avas  uniformly  maintained  iu  our  experi¬ 
ments  on  the  living.  In  these  feAv  experiments  there  Avas  hardly  any 
<lifference  in  favour  of  the  dead,  except  in  the  animals  Avith  ligated 
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veins.  In  tlie  experiments  in  wliich  we  removed  the  fluid  after  hours 
there  was  certainly  a  marked  absorption.  Even  in  Experiment  39,  in 
which  in  forty  minutes  during  life  there  was  an  increase  of  4  cubic 
centimetres  in  the  amount  of  the  fluid,  we  find  after  death  an  absorp¬ 
tion  of  90  cubic  centimetres  in  four  hours  and  a  half.  But  in  all  cases 
in  which  the  fluid  remained  for  hours  the  intestines  were  exceedingly 
distended  with  gas,  thereby  exerting  a  considerable  pressure  upon 
the  fluid  within  the  peritoneal  cavity,  and  thus  affecting  the  absorp¬ 
tion  like  a  strong  constant  massage.  In  the  experiments  in  which 
the  viscera  were  removed  there  was  indeed  constantly  a  strikingly 
diminished  absorption,  but  of  course  this  could  be  ascribed  to  the 
diminished  pressure  as  well  as  to  the  removal  of  the  visceral  perito- 
naium  with  its  absorbing  lymphatics  or  blood  capillaries. 

The  ligation  of  the  innominate  veins  has  not  shown,  at  least  in  the 
majority  of  the  experiments,  any  constant  influence  upon  the  absorp¬ 
tion;  on  the  contrary,  in  one  and  the  same  rabbit  with  ligated  veins 
there  was  noted  a  good  deal  less  absorption  during  forty  minutes  dur¬ 
ing  life  than  after  death,  when  the  absorption  seemed  to  be  the  same 
as  in  a  normal  rabbit. 

It  is  a  noteworthy  fact  that  in  our  protocols  of  the  experiments 
upon  the  living  animals  we  find  only  now  and  then  the  remai’k  that 
the  tissue  was  somewhat  imbibed. 

In  the  protocols  of  the  observations  on  the  dead  rabbits,  however, 
we  often  find  the  remark  that  the  tissiie  was  exceedingly  imbibed  and 
(edematous,  especially  the  posterior  wall. 

Discussion  of  the  Results  obtained. 

Before  attempting  an  interpretation  of  the  results  obtained  from 
our  ex])eriments  we  shall  recapitulate  briefly  the  problem  and  the 
solutions  which  have  been  suggested  by  some  other  authors. 

The  fact  was  observed  that  fluid  disai)peared  from  the  abdominal 
cavity.  This  disappearance  having  without  any  discussion  been  as¬ 
sumed  to  be  identical  with  absorption  into  the  blood,  it  remained 
only  to  decide  whether  the  fluid  entered  into  the  blood  by  the  way  of 
the  lymphatics  or  directly  through  the  walls  of  the  blood  vessels.  As, 
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according  to  one  statement,  the  flow  of  lymph  from  the  thoracic  duct 
did  not  increase  during  this  absorption,  and  as,  according  to  another 
statement,  the  ligation  of  the  thoracic  duct  did  not  influence  the  ab¬ 
sorption,  the  conclusion  was  drawn  by  these  authors  that  the  fluid 
enters  into  the  blood  directly  through  the  walls  of  the  blood  vessels. 

But  there  is,  as  it  would  seem,  an  important  gap  in  this  reasoning. 
In  the  first  place,  nobody  has  proved  or  even  attempted  to  prove  that 
the  fluid  really  enters  the  blood;  and  all  that  can  be  said  for  certain  is 
that  the  fluid  disappears  from  the  peritoneal  cavity.  In  the  second 
place,  the  fluid  within  the  peritoneal  cavity  can  never  enter  directly 
into  the  blood  vessels,  as  these  are  not  directly  exposed  within  the  peri¬ 
toneal  cavity,  but  are  embedded  within  the  lymph  spaces  which  are 
separated  from  the  serous  cavity  by  an  epithelial  membrane,  just  as 
the  blood  within  the  capillaries  is  separated  from  the  lymph  space 
by  an  endothelial  membrane.  The  first  question  which  confronts  us 
when  we  see  fluid  disappearing  from  the  abdominal  cavity  is:  By 
what  force  does  this  fluid  enter  into  the  lymph  spaces?  And  the  next 
problem  is  not  how  does  the  new  fluid  within  the  lymph  spaces  enter 
the  blood  vessels,  but  rather,  does  it  enter  the  blood?  It  is  certainly 
conceivable  that  the  fluid  remains  within  the  lymph  spaces,  and  that 
its  only  effect  upon  the  blood  consists  in  the  prevention  of  the  usual 
transudation  from  the  capillaries  into  the  lymph  spaces.  Before  these 
questions  have  been  satisfactorily  solved,  the  statement  that  the  fluid 
does  not  go  throiigh  the  lymphatics,  and  consequently  penetrates  di¬ 
rectly  the  walls  of  the  blood  vessels,  must  be  considered  as  premature. 

The  origin  of  this  ovei’sight  is  to  be  found,  as  we  believe,  in  the 
general  practice  of  confounding  the  lymph  spaces  with  the  lym¬ 
phatics,  although  every  one,  whatever  his  theories  about  the  func¬ 
tion  of  the  lymphatics  may  be,  will  admit  that  the  function  of  the 
lymph  spaces  is  entirely  different  from  that  of  the  lymphatics,  and  cer- 
tairdy  every  one  will  concede,  as  a  matter  of  course,  that  the  stnicture 
of  the  hmipli  spaces  is  just  as  different  from  that  of  the  lymphatics 
as  from  that  of  the  blood  vessels;  nevertheless  we  do  not  know  of  any 
writer  who  assigns  to  the  system  of  the  lymph  spaces  a  position  in¬ 
dependent  of  and  separate  from  the  lymphatics.  Again  and  again 
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we  find  it  stated  in  tlie  literature  that  tlie  lymph  spaces  are  merely 
the  roots  of  the  lymphatics,  which  again  many  consider  only  as  a 
branch  current  of  the  circulation.  According  to  this  view  there  are 
then  at  the  disposal  of  any  fluid  in  the  body  only  two  systems:  the 
blood  vessels  and  the  lymphatics.  Therefore  if  it  is  assumed  as  a 
proved  fact  that  the  fluid  within  the  abdominal  cavity  does  not  enter 
the  lymphatics,  then  the  conclusion  that  it  enters  the  blood  vessels 
directly  is  inevitable,  furthermore,  a  study  of  the  recent  literature 
on  the  relations  between  blood  pressure,  lymph  flow,  and  lymph  forma¬ 
tion  has  shown  to  us  that  the  conclusions  drawn  from  these  experi¬ 
ments  could  only  have  been  arrived  at  by  underrating  the  importance 
of  the  lymph  spaces  as  an  independent  system.  It  is  not  our  purpose 
to  enter  into  any  particulars  on  the  subject  of  lymph  formation,  but 
we  mention  these  facts  only  as  a  further  excuse  for  dwelling  here  at 
some  length  on  our  conception  of  the  lymph  spaces  as  an  independ¬ 
ent  system  and  as  an  intermediate  territory  between  the  blood  ves¬ 
sels  and  the  lymphatics.  We  do  not  propose  to  offer  any  new  experi¬ 
ments  or  histological  observations,  but  shall  take,  on  the  contrary, 
the  old  well-known  facts  as  a  basis  for  our  point  of  view  against  which, 
as  we  hope,  the  only  objection  which  can  be  urged  is  that  it  is  not 
ne-"/. 

The  so-called  lymph  spaces  are  those  gaps,  clefts,  chinks,  and  in¬ 
terstices  of  all  kinds  naturally  present  between  the  elements  or  the 
groups  of  elements  of  the  tissues  of  the  entire  body.  They  are  of 
variable  shape  and  size.  The  fine  capillary  space  between  two  mus¬ 
cular  fibres  is  certainly  much  smaller  than  the  space  between  two 
muscle  bundles,  and  the  spaces  in  loose  connective  tissue  are  cer¬ 
tainly  much  larger  than  those  present  in  dense  tissue,  such  as,  for 
instance,  is  found  in  ligaments.  Some  of  the  spaces  are  lined  with  a 
few  endothelial  cells,  but  these  are  never  sufficiently  numerous  to  sepa¬ 
rate  one  space  from  another,  though  the  freedom  of  communication 
varies  considerably  between  the  spaces  of  the  same  organ,  and  prob¬ 
ably  still  more  so  between  those  of  different  organs.  Certain  strata 
of  connective  tissue  extending  over  large  areas  of  the  body  present 
convenient  paths,  connecting  the  parenchymatous  spaces  of  several 
34 
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organs.  AVe  may  tlins  assnine  tliat  all  these  spaces  are  more  or  less 
completely  connected  tlirongliont  tlie  entire  body  and  present  a  unity, 
and,  as  it  Avere,  a  system  of  canalization.  Tlirougliout  the  course  of 
this  system  and  at  all  times  are  present  variable  quantities  of  fluid 
containing  the  nutrient  material  for  the  tissues  as  well  as  their  waste 
products.  In  loose  tissue  the  accumulation  of  fluid  can  be  enormous. 
In  fact,  the  size  of  lymph  spaces  seems  to  depend  more  upon  the  quan¬ 
tity  of  fluid  present  than  upon  structural  limitations.  The  fluid 
spreads  with  more  or  less  ease  from  one  lymph  space  to  another,  the 
propelling  forces  being  diffusion  and  mechanical  pressure.  The  latter 
is  caused,  first,  by  contracting  the  muscles  surrounding  the  lymph 
spaces,  and,  secondly,  by  gravity  and  external  mechanical  pressure 
(massage).  Mechanical  pressure  is  perhaps  also  produced  by  the 
chemical  activity  within  the  tissue,  just  as  we  see  the  chemical  activity 
in  the  saliA^ary  glands  producing  a  pressure  which  exceeds  that  found 
within  the  carotid  arteries. 

In  these  lymph  spaces  are  embedded  the  capillaries  of  the  blood 
A'essels  as  Avell  as  of  the  lymphatics.  Though  the  larger  tubes  of 
both  kinds  of  A^essels  are  well  separated  from  their  surroundings  by 
membranous  Avails,  the  capillaries  are  separated  from  the  lymph  spaces 
only  by  a  thin  endothelial  layer,  and  eA^en  this  may  possibly  be  pro¬ 
vided  Avith  stomata,  so  that  they  are  all  Avell  adapted  to  give  up  fluid 
to  or  receive  it  from  the  lymph  spaces.  In  only  a  few  exceptional 
cases  does  the  fluid  from  the  blood  capillaries  enter  directly  into  the 
lymphatics,  as  happens  in  the  case  of  the  perivascular  lymphatics  of 
the  central  nervous  system.  As  a  rule,  the  fluid  on  leaAdng  the  blood 
enters  the  lymph  spaces,  and  thence  passes  to  the  lymph  capil¬ 
laries;  it  ncA'cr  enters  directly  from  the  blood  capillaries  into  the 
lymph  ca[)illaries.  There  is  ahvays  some  space  betAveen  both  kinds  of 
capillaries,  and  they  are  said  to  be  sometimes  separated  even  by  more 
than  one  lymph  space. 

Both  systems  of  fluid-carrying  vessels,  blood  vessels  and  lym¬ 
phatics,  possess  in  common  many  features  Avhich  distinguish  them 
sharply  from  the  system  of  the  lymph  spaces.  Both  have  the  tubular 
character,  the  abundance  of  muscular  and  elastic  fibres  in  the  mem- 
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branes,  tlie  nervous  control,  tlie  more  or  less  limited  capacity, 
the  free  and  unembarrassed  movement  of  the  fluid,  the  possi¬ 
bility  of  free  communication  between  all  sections,  and  the  unipolar 
direction  of  the  constantly  moving  fluid.  The  arrangement  of  the 
three  systems  is  suggestive  of  a  tract  of  marshy  land  in  a  swamp  sepa¬ 
rating  two  rivers,  the  larger  one  of  which  as  it  passes  by  sends  out 
only  fine  arms  into  the  swamp,  while  the  smaller  one,  which  origi¬ 
nates  there,  collects  its  water  from  the  marshy  land  to  bring  it  back 
after  a  short  course  into  the  main  river. 

An  important  distinguishing  feature  is  the  difference  in  function. 
The  real  process  of  nutrition  goes  on  within  the  so-called  lymph  spaces, 
but  not  in  the  blood  vessels  or  in  the  lymphatics,  which  only  serve  as 
routes  for  transportation.  A  comparison  with  different  portions  of 
the  alimentary  tract  will  bring  out  these  points  more  distinctly.  The 
system  of  the  lymph  spaces  may  be  compared  to  the  stomach  and  the 
intestines,  where  the  chief  object  of  alimentation — digestion — is  going- 
on;  while  the  blood  vessels  are  to  be  compared  with  the  oesophagus, 
the  road  for  the  food  deliveiy;  the  lymphatics,  finally,  may  thus  be 
considered  analogous  to  the  rectum,  the  canal  for  the  removal  of  the 
waste  products. 

There  are  certainly  abundant  reasons  for  considering  the  lymph 
spaces  as  an  independent  system  for  itself,  and  not  as  an  appendix 
to  either  class  of  tubulated  vessels.  The  reason  for  the  genei-al  usage 
of  classing  the  lymph  spaces  with  the  lymphatics  is  probably  to  be 
found  in  the  fact  that  the  fluids  of  the  lymph  spaces  as  well  as  those  of 
the  lymphatics  have  two  striking  features  in  common,  their  colourless 
appearance  and  their  poverty  in  corpuscular  elements,  which  are  in 
striking  contrast  to  the  red  colour  and  abundance  of  corpuscles  in  the 
blood.  Such  a  classification,  however,  implies  also  the  sweeping  and 
unfounded  assumption  that  both  fluids  not  only  present  a  similar  out¬ 
ward  appearance,  but  are  actually  of  one  and  the  same  character,  and 
that  it  is  simply  the  fluid  of  the  lymph  spaces  which  is  found  flowing 
through  the  lymphatics  and  the  thoracic  duct.  In  fact  all  the  analyses 
of  “  lymph  ”  were  made  from  the  fluid  coming  from  the  lymphatic 
ducts  or  from  the  large  lymphatic  vessels,  and  it  has  been  tacitly  as- 
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smned,  and  entirely  witliout  proof,  that  this  lymph  and  the  fluid 
within  the  tissue  are  one  and  the  same  in  character. 

AVe  have  no  experiments  to  offer  showing  that  the  fluids  are  differ¬ 
ent  or  the  nature  of  the  difference  if  such  exists.  But,  even  as  it  is, 
there  are  good  reasons  against  the  supposition  that  the  lymph  in  the 
thoracic  duct  is  the  unaltered  fluid  from  the  tissues.  This  latter  is 
surely  an  admixture  of  three  different  elements:  (1)  The  fluid  tran¬ 
suding  from  the  blood  into  the  lymph  spaces;  (2)  the  same  fluid 
minus  the  material  taken  out  for  the  anabolism  of  the  tissue;  and  (3) 
the  products  furnished  by  the  catabolism  of  the  tissue.  Now  the 
organs  and  tissues  of  different  structures  possessing  different  func¬ 
tions  require  a  different  material  for  their  nutrition,  and  give  up  dif¬ 
ferent  waste  products.  The  natural  conclusion,  then,  must  he  that  the 
fluid  within  the  lymph  spaces  varies  considerably  according  to  the 
particular  tissue  and  organ  concerned.  In  contrast  to  these  specific 
fluids  of  the  tissues,  the  thoracic  duct  carries  an  admixture  of  all  these 
fluids  together,  and  also  the  fluid  taken  up  from  the  intestinal  canal, 
which  e\'en  in  a  state  of  inanition  is  never  quite  empty. 

It  is,  then,  quite  evident  that  the  fluid  coming  from  the  thoracic 
duct  can  not  be  taken  as  representative  of  the  fluid  within  the  tissues 
even  if  it  were  admitted  that  the  tissue  fluid  entered  into  the  lymph 
capillaries  as  through  an  open  gate  without  any  change  of  character — 
an  assumption,  however,  which  is  in  the  highest  degree  improbable, 
since  the  fluids  in  the  lymph  spaces  are  separated  from  the  lumen  of 
the  capillaries  by  an  endothelial  membrane  through  which  they  can 
permeate  only  with  the  aid  of  some  physical  or  “  vital  ”  force. 

The  identification  of  lymph  with  the  tissue  fluid  leads  to  another 
error.  In  measuring  the  quantity  of  lymph  coming  from  the  thoracic 
duct,  some  writers  think  they  detennine  with  it  also  the  quantity 
of  fluid  passing  through  the  tissues.  This  would  be  equivalent  to  say¬ 
ing  that  the  whole  amount  of  fluid  which  transudes  from  the  blood 
into  the  tissue,  and  which  is  there  called  lymph,  leaves  the  tissue  by 
way  of  the  lymphatics.  That  this  is  a  mistake  is  evident  from  the 
fact  that  large  quantities  of  the  tissue  fluid  pass  out  again  by  way  of 
the  glandular  secretions  without  the  intervention  of  the  lymphatics 
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at  all.  It  must  be  remembered  tliat  the  secretion  of  saliva  alone 
sometimes  amounts  to  as  much  as  two  litres  in  twenty-four  hours,  not 
to  mention  all  the  other  secretions  and  “  juices  ”  of  the  alimentary 
canal.  Then  again  mucus,  sweat,  tears,  milk,  and  other  fluids  must 
all  be  considered.  The  amount  of  milk  alone  secreted  in  twenty-four 
hours  probably  at  times  does  not  fall  short  by  much  of  the  amount 
of  lymph  coming  from  the  thoracic  duct,  and  in  any  case  all  the  secre¬ 
tions  taken  together  form  a  considerable  quantity  which  is  possibly 
larger  than  the  whole  amount  of  lymph  flowing  through  the  ducts. 
Xow,  since  all  these  secretions  derive  their  fluid  directly  from  the 
lymph  in  the  lymph  spaces,  it  is  impossible  that  the  flow  from  the 
thoracic  duct  should  give  us  any  exact  information  as  to  the  consump¬ 
tion  of  this  lymph. 

Again  there  are  two  other  factors,  though  of  undetermined  char¬ 
acter,  of  which  the  flow  of  lymph  from  the  ducts  can  not  give  us  any 
account.  In  the  flrst  place,  the  amount  of  fluid  which  is  always  pres¬ 
ent  in  the  interstices  of  the  tissue  can  vary  within  certain  limits,  the 
difference  nevertheless  being  imperceptible  or  certainly  not  measur¬ 
able.  The  semisolid  character  of  most  of  the  tissue  is  based  not  only 
upon  the  fluid  within  its  elements — for  instance,  within  the  sarcolemma 
or  neurolemma — but  also  upon  the  constant  presence  of  fluid  betw’een 
them.  The  observation  made  by  v.  Brasol  *  and  by  Leathes  f  of  the 
rapid  entrance  of  large  quantities  of  fluid  into  the  blood  following  the 
injection  of  solutions  of  sugar  or  salt  into  the  blood,  while  the  flow  of 
lymph  from  the  thoracic  duct  is  also  increased  (Heidenhain  :j;),  shows 
the  presence  of  such  labile  fluid  in  the  tissue.  The  second  unknown 
quantity- is  the  exact  amount  of  fluid  which  at  certain  times  and  in 
certain  places  is  undoubtedly  returned  directly  back  into  the  blood 
vessels. 

In  referring  to  this  subject  it  may  not  be  out  of  place  to  note  the 
apparently  contradictory  position  of  Heidenhain.  In  his  flrst  article 
on  the  subject  of  lymph  formation  he  says  that  it  is  inconceivable  that 

*  V,  Brasol,  Du  Bois-Rej-mond’s  Arcliiv  fiir  Physiologic,  1884,  p.  211. 

\  Leathes,  Journal  of  Physiology,  vol.  xix,  p.  1. 

t  Heidenhain,  Pfliiger’s  Archiv,  Bd.  xlix,  j).  219. 

*  I’fliiger’s  Archiv,  Bd.  xlix,  p.  219. 
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under  normal  circumstances  a  part  of  the  lymph  should  be  returned  di¬ 
rectly  to  the  blood,  whereas  in  his  last  article  *  he  says  that  it  is  his 
conviction  that  the  blood  capillaries  are  the  essential  paths  for  ab¬ 
sorption  from  the  peritoneal  cavity.  Whether  Heidenhain  has  given 
up  his  first  position  or  makes  a  distinction  between  the  absorption 
of  lymph  and  the  absorption  of  other  fluids  from  the  peritoneal  cavity, 
it  is  impossible  to  understand. 

We  thus  see  that  the  lymph  coming  from  the  lymphatic  ducts 
represents  neither  in  quantity  nor  in  quality  the  fluid'  which  is  con¬ 
tained  in  the  lymph  spaces. 

We  shall  therefore,  to  avoid  further  misconceptions,  discard  the 
terms  “  lymph  spaces  ”  and  “  lymph  ”  for  the  spaces  within  the  tis¬ 
sue  and  the  fluid  therein,  and  apply  to  them  instead  tlie  commonly  em¬ 
ployed  terms  “  interstitial  spaces  ”  and  ‘‘  tissue  fluid,”  which  are  more 
appropriate,  as  they  do  not  carry  with  them  any  hypothetical  meaning. 

Eecapitulating  our  statement  briefly,  our  position  is  as  follows: 
The  tissues  of  the  body  are  permeated  by  a  system  of  interstitial  spaces 
which  contain  the  tissue  fluid.  This  system  is,  by  virtue  of  its  struc¬ 
ture,  its  function,  and  its  contents,  an  independent  apparatus  by  itself, 
and  not  an  integral  part  of  either  of  the  two  systems  of  vessels,  and  the 
fluid  within  this  system  is  likewise  in  many  important  respects  differ¬ 
ent  from  the  fluid  of  the  blood  vessels  as  well  as  from  that  of  the  lym¬ 
phatics.  The  system  receives  fluid  from  the  blood  vessels  which  is 
applied  in  different  organs  and  in  different  tissues  in  a  specific  way. 
Aside  from  its  use  for  metabolic  purposes  for  the  tissues  within  the 
body,  a  part  of  the  fluid  is  given  iip  to  the  glands  as  material  for  their 
specific  secretions,  a  part  conveyed  into  the  lymphatics,  while  possi¬ 
bly,  under  certain  circumstances,  a  part  is  returned  directly  into  the 
blood  vessels.  This  process  of  transudation  and  distribution  of  the 
fluid  is  in  the  first  place  controlled  by  the  physical  forces  of  filtration 
and  osmosis.  Whether  these  are  sufficient  is  just  now  a  matter  of  dis¬ 
cussion.  We  must  say,  however,  that  as  yet  we  have  not  sufficient 
knoAvledge  of  the  actual  process,  nor  do  we  know  enough  of  the  laws 
of  osmosis,  especially  in  their  application  to  living  tissue,  to  justify 

*  Pfliiger’s  Archiv,  Bd.  Ixii,  p.  330. 
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the  establishment  of  such  a  far-reaching  conception  as  a  “  vital  force.”  I 

For  transformation  of  the  tissue  fluid  into  the  glandular  secretions, 
there  are  indeed  a  number  of  facts  which  justify  the  assumption  that  i 

the  glandular  cells  influence  the  process  in  a  manner  not  explainable  | 

by  our  present  knowledge  of  physical  laws.  The  same  can  not  be  j 

claimed,  or  at  least  not  to  the  same  extent,  when  we  come  to  discuss  ; 

the  process  of  transudation  of  the  fluid  of  the  blood  into  the  interstitial  i 

spaces.  We  are  not  going  to  criticise  here  the  reasons  which  have  j 

led  to  the  hypothesis  that  the  capillary  endothelia  are  endowed  wdth 
a  secreting  capacity.  We  wish  only  to  call  to  mind  that  in  the  experi¬ 
ments  upon  this  question  “  interstitial  spaces  ”  and  lymphatics,  as  well  | 

as  tissue  fluid  ”  and  lymph,  have  not  been  kept  apart.  With  regard 
to  the  mechanism  of  the  entrance  of  fluid  from  the  interstitial  spaces  ^ 

into  the  lymphatics  little  can  be  said,  as  this  subject  has  been  studied 
least  of  all.  That  flltration  may  have  an  influence  seems  to  be  shown 
by  the  fact  that  the  lymphatics  can  be  injected  simply  by  injecting 
the  tissue.  It  is  probable  that  osmosis  also  has  something  to  do  with 
the  passage  of  fluid  from  the  interstitial  spaces  through  the  endo¬ 
thelial  membrane  of  the  lymph  capillaries.  However,  if  we  assign 
to  the  lymphatics  the  task  of  carrying  off  the  waste  products  from  the 
tissue  fluid,  a  theory  favoured  somewhat  by  the  absence  of  oxygen 
and  the  presence  of  carbonic-acid  gas,  there  will  be  need  of  a  more 
complicated  mechanism  to  accomplish  this  selection  of  materials.  For 
reasons  to  be  stated  later  we  are  indeed  inclined  to  favour  the  theory 
that  the  lymphatics  drain  off  from  the  system  of  interstitial  spaces  such 
substances  as  are  in  their  present  state  either  foreign  or  useless  or 
harmful  to  the  tissue,  and  deposit  them  in  the  lymphatic  glands, 
or  carry  them  into  the  blood  to  be  rebuilt  there  or  to  be  excreted. 

Returning  now  to  our  problem  in  hand,  we  repeat  that  the  fact 
of  the  disappearance  of  fluid  from  the  peritoneal  cavity  suggests  as  the 
very  first  point  that  the  fluid  entered  into  the  interstitial  spaces,  and 
the  first  question  to  be  answered  is.  By  which  means  was  this  accom¬ 
plished  ? 

There  are  three  possible  explanations.  The  fluid  of  the  peritoneal 
cavity  can  enter  into  the  surrounding  interstitial  spaces:  (1)  Through 
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tlie  stomata,  wliicli  are  claimed  by  some  authors  to  exist  between  the 
epithelia  of  the  peritoneal  membrane;  (2)  by  filtration;  (3)  by 
osmosis.  With  reference  to  the  stomata,  it  is  to  be  remarked  that  the 
latest  writers,  Kolossow  *  and  Muscatello,f  deny  their  existence,  so 
that  it  may  be  best  not  to  enter  into  a  discussion  of  their  availability 
for  the  purpose  in  question. 

As  for  filtration,  this  process  would  presuppose  that  the  pressure 
in  the  peritoneal  cavity  is  higher  than  in  the  interstitial  spaces,  and 
we  have  no  data  which  enable  us  to  make  a  positive  statement  with 
regard  to  this  point.  We  can  offer,  however,  the  following  considera¬ 
tions:  In  a  state  of  absolute  rest  the  fluid  in  the  peritoneal  cavity  of 
the  living  body  stands  probably  under  atmospheric  pressure,  while  the 
fluid  in  the  interstitial  spaces  is  influenced  by  the  pressure  within  the 
blood  capillaries,  which  is  probably  somewhat  higher  than  the  atmos¬ 
pheric  pressure.  But  the  living  body  is  very  rarely  at  rest  and  the 
abdominal  cavity  more  especially  is  nearly  constantly  under  the  in¬ 
fluence  of  muscular  contraction  during  inspiration  as  well  as  during 
expiration,  which,  in  rabbits  at  least,  is  always  active.  In  the  dead 
body,  again,  the  rapid  development  of  gases  within  the  intestines  forms 
a  new  factor  which  exerts  quite  a  considerable  pressure  upon  the  con¬ 
tents  of  the  abdominal  cavity,  while,  on  the  other  hand,  there  is  no 
increased  elevation  of  pressure  in  the  interstitial  spaces  due  to  the 
elevated  blood  pressure.  We  might  then  presume  that  there  is  in  the 
living  animal,  as  well  as  in  the  dead  body,  enough  surplus  pressure 
to  bring  some  of  the  fluid  of  the  abdominal  cavity  by  filtration  into 
the  interstitial  spaces.  In  support  of  this  hypothesis  we  can  quote  a 
few  facts  which  show  the  favourable  influence  of  mechanical  pressure 
upon  the  disappearance  of  fluid  from  the  abdominal  cavity.  In  ex¬ 
periments  which  we  have  not  quoted  we  saw  that  massage  of  the  ab¬ 
domen,  the  application  of  a  light  bandage  around  the  abdomen,  or 
even  the  keeping  of  the  rabbit  upon  its  stomach  increased  the  quantity 
of  the  missing  fluid.  All  these  facts,  however,  show  only  that  a  cer¬ 
tain  degree  of  mechanical  pressure  can  accomplish  an  increase  in  the 
disappearance  of  fluid  from  the  abdominal  cavity;  but  there  is  noth- 

*  Kolossow,  Arclilv  filr  mikroskopisclie  Anatomic,  1894. 

t  Muscatello,  Virchow’s  Archiv,  Bd,  cxlii,  p.  327. 
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ing  to  show  to  exactly  what  extent  the  disappearance  in  our  case  was 
actually  due  to  simple  pressure — i.  e.,  to  filtration. 

It  is  different  with  regard  to  osmosis.  Here  we  have  the  positive 
proof  that  the  fiuid  disappeared  in  inverse  proportion  to  its  osmotic 
pressure;  the  less  concentrated  the  solution  of  sodium  chloride  in¬ 
jected,  the  more  of  it  disappeared  during  the  same  period.  The  high¬ 
est  quantity  which  disappeared  from  the  solution  of  0.92  per  cent 
was  22  cubic  centimetres;  the  highest  quantity  from  the  solution  of 
0.75  per  cent  was  45  cubic  centimetres;  and  from  the  0.6  per  cent, 
69  cubic  centimetres.  Similar  observations  were  made  by  Orlow,* 
in  whose  protocols  we  also  find  that  hypertonic  solutions  w’ere  not  ab¬ 
sorbed  as  such,  the  solutions  within  the  abdomen  having  first  to  be¬ 
come  at  least  isotonic  before  any  absorption  took  place. 

We  see  also,  in  Orlow’s  protocols,  that  when  isotonic  fluids  are  in¬ 
troduced  the  remaining  fluid  within  the  abdomen  has  invariably  a 
hypotonic  pressure.  And  it  has  not  as  yet  been  investigated  whether 
the  isotonic  fluid  does  not  turn  in  the  first  few  minutes  hypotonic  be¬ 
fore  the  absorption  takes  place.  We  may  thus  state  that  the  entrance 
of  hypotonic  fluid  from  the  abdominal  cavity  into  the  interstitial 
spaces  occurs  mainly  by  osmotic  pressure,  perhaps  assisted  somewhat 
by  filtration.  The  isotonic  fluid,  which  is  absorbed  poorly,  either  first 
turns  slightly  hypotonic  and  is  also  absorbed  by  osmosis,  or  what  little 
absorption  occurs  is  caused  entirely  by  filtration. 

As  the  process  of  absorption  goes  on  also  through  dead  and  pre¬ 
pared  peritoneal  membranes,  we  may  assume  that  the  fluid  in  the 
peritoneal  cavity  in  dead  animals  enters  into  the  interstitial  spaces 
in  the  first  place  by  osmosis,  and  in  the  second  place  by  mechanical 
pressure  (filtration)  exerted  upon  the  fluid  by  the  rapidly  developing 
gases  within  the  intestines;  but  it  is  also  possible  that  in  the  dead 
body  osmosis  has  a  smaller  and  filtration  a  larger  share  in  the  re¬ 
moval  of  the  fluid  in  the  living  body. 

With  regard  to  the  application  of  the  laws  of  osmosis  to  our  special 
problem,  and  to  the  process  of  absorption  in  the  animal  body  in  gen¬ 
eral,  a  few  remarks  may  be  added.  The  osmotic  pressure  of  0.92-per- 


*  Orlow,  loc.  cit. 
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cent  sodium  chloride,  which  is  now,  following  the  lead  of  Hamburger, 
generally  taken  as  being  equal  to  the  osmotic  pressure  of  the  body 
fluid,  has  been  established  only  for  the  blood  serum.  For  the  lymph 
flowing  from  the  thoracic  duct  Leathes  *  found  a  somewhat  higher 
degree,  and  for  the  lymph  flowing  from  the  cervical  duct  in  horses 
Hamburger  f  records  a  much  higher  osmotic  pressure  than  in  the 
blood  serum.  For  the  tissue  fluid  within  the  interstitial  spaces  we 
have  no  knowledge  whatsoever  about  the  osmotic  pressure.  With 
reference  to  this  point,  it  may  be  insisted  again  that  fluid  of  any  os¬ 
motic  pressure  brought  into  the  abdominal  cavity  attains  earlier  or 
later  invariably  a  certain  uniform  osmotic  pressure.  But  the  two 
statements  which  we  have  on  this  point  differ  as  to  what  this  pressure 
amounts  to.  While  Hamburger,  who  employs  the  red-blood-corpus¬ 
cle  method,  states  that  the  fluid  invariably  attains  the  same  osmotic 
pressure  as  the  blood  serum,  we  find  in  all  the  protocols  of  Orlow, 
who  simply  made  chemical  analyses  of  the  fluid,  that  the  solutions 
in  the  abdomen  were  constantly  within  the  limit  of  0.75-  and  0.73- 
per-cent  sodium  chloride.  This  would  mean  that  they  become  hypo¬ 
tonic  with  regard  to  the  osmotic  pressure  of  the  blood  serum.  This 
is  important  when  we  remember  that  the  fluid  in  the  abdominal 
cavity  is  influenced  in  the  first  place  by  the  tissue  fluid. 

Above  all,  however,  we  have  to  remember  that  we  are  handling 
osmotic  laws  as  they  are  seen  in  final  osmotic  pressures  and  applying 
them  to  the  process  in  the  living  body,  where  we  have  principally  rela¬ 
tions  between  initial  or  unsettled  rates  of  osmosis.  In  this  connection 
we  would  refer  to  a  recent  very  instructive  article  by  Lazarus-Bar- 
low.  X  He  studied  the  ratio  between  the  initial  rates  of  osmosis  of 
glucose,  sodium  chloride,  and  urea  and  their  final  osmotic  pressure. 
He  reaches  the  conclusion  (p.  1G5)  ‘‘  that  it  is  impossible  to  state 
from  a  determination  of  their  freezing  points  that  one  solution  is  hy¬ 
pertonic,  isotonic,  or  hypotonic  as  regards  another  solution  of  a  differ¬ 
ent  composition  at  pressures  Avithin  the  limits  possible  in  the  animal 

*  Leathes,  loc.  cit. 

t  Hamburger,  Ziegler’s  Itcitragc  ztir  pathoh  Anatomic,  Bd.  xiv. 

t  Lazarus-Barlow,  Journal  of  Phpsioloyy,  vol.  xix,  p.  140. 
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body.”  From  his  results  (p.  IGO)  “  follows  the  paradox  that  if  so- 
called  isotonic  solutions  be  placed  on  the  two  sides  of  a  peritoneal  mem¬ 
brane  under  conditions  such  as  those  we  are  now  considering,  osmosis 
can  nevertheless  occur.  One  may  go  even  further  and  say  that  osmotic 
flow  may  take  place  from  a  solution  having  a  higher  final  osmotic 
pressure  toward  a  fluid  having  a  lower  final  pressure.” 

The  results  were  different  when  the  equimolecular  solutions  were 
watery,  faintly  albuminous,  or  highly  albuminous;  and  the  results 
were  again  different  when  the  separating  membrane  w^as  copper 
ferrocyanide  or  prepared  peritonaeum.  And  we  can  reasonably  as¬ 
sume  that  the  difference  is  probably  still  greater  when  the  separating 
membrane  is  unprepared  peritonaeum  in  the  living  body.  We  need 
therefore  not  be  in  despair  if  we  can  not  explain  all  the  particulars 
of  the  phenomenon  under  consideration  by  our  present  meagre  knowl¬ 
edge  of  osmosis  in  its  working  in  the  complex  condition  of  the  animal 
body.  Above  all,  we  have  certainly  no  right  to  appeal  to  “  vital  ” 
force  as  long  as  we  know  so  little  of  the  working  of  the  physical 
force  we  attempt  to  apply. 

Our  answer  to  the  first  question,  therefore,  is  that  the  fluid  which 
we  have  seen  disappearing  from  the  peritoneal  cavity  in  the  living 
as  well  as  in  the  dead  body  entered  the  interstitial  spaces  by  the  pro¬ 
cess  of  osmosis  assisted  by  filtration.  The  next  question  in  order  is: 
What  becomes  of  this  fluid  within  the  interstitial  spaces  ?  The  natural 
answer  is  that  the  fate  of  this  fluid  is  probably  the  same  as  that  of  any 
other  fluid  present  in  excess  within  the  interstitial  spaces.  Any  ac¬ 
cumulation  of  fluid  in  any  region  of  the  system  of  interstitial  spaces 
has  three  ways  open  by  wdiich  it  can  escape:  (1)  It  can  spread  within 
the  system  of  interstitial  spaces  into  the  neighbouring  regions,  either 
not  affecting  the  blood  and  lymph  vessels  at  all  or  affecting  the  blood 
vessels  sufliciently  to  reduce  the  transudation  into  this  region;  (2)  it 
can  enter  into  the  blood  vessels  through  the  walls  of  the  capillaries  or 
the  veins;  and  (3)  it  can  enter  the  lymphatics  through  the  walls  of 
the  lymph  c.apillaries. 

When  considering  the  further  spreading  within  the  neighbour¬ 
ing  interstitial  spaces,  we  must  remember  that  the  abdominal  cavity 
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is  surrounded  with  strata  of  muscular  and  connective  tissues  which 
are  very  appropriate  for  this  purpose.  The  working  forces  for  this 
spreading  are,  as  we  have  pointed  out  above,  diffusion  and  mechanical 
pressure,  tbe  latter  being  rendered  quite  considerable  in  the  region 
in  question  by  the  respiratory  motions  and  other  factors.  AVe  should 
also  remember  that  the  entrance  of  fluid  into  the  interstitial  spaces 
occurs  mainly  by  osmosis,  which  works  well  also  against  mechanical 
pressure.  iKow  if  a  comparatively  large  quantity  of  a  hypotonic  solu¬ 
tion  enters  rapidly  into  adjacent  interstitial  spaces,  it  can  produce 
there  quite  a  high  mechanical  pressure  which  might  even  exceed  the 
pressure  within  the  blood  vessels,  and  certainly  within  the  lymph  ves¬ 
sels.  This  fluid,  then,  would  not  only  suppress  the  transudation  from 
the  blood  vessels,  but  it  would  enter  also  into  the  blood  vessels  by  fll- 
tration,  even  against  osmotic  pressure.  The  same  reasoning,  of  course, 
applies  also  to  the  lymphatics.  Our  answer  to  the  second  question 
raised  above  would  then  be,  a  priori,  that  the  fluid  which  entered  from 
the  peritoneal  cavity  into  the  adjacent  interstitial  spaces  partly 
spreads  within  the  system  of  interstitial  spaces  from  the  neighbour¬ 
ing  to  the  more  distant  tissues,  partly  enters  the  lymphatics,  and 
partly  invades  also  the  blood  vessels.  If  it  is  proved  by  experiment, 
as  is  indeed  claimed  by  Ileidenhain  and  Orlow,  that  during  such 
a  disappearance  of  fluid  from  the  abdominal  cavity  the  lymph  flow 
from  the  thoracic  duct  is  not  increased,  and  if,  further,  we  accept  this 
as  a  proof  that  the  disappeared  fluid  did  not  enter  the  lymphatics,  our 
answer  would  have  to  be  modified  only  with  regard  to  the  lymphatics, 
and  Ave  should  say  that  the  fluid  spreads  partly  into  the  interstitial 
spaces  and  partly  enters  into  the  blood  vessels.  The  conclusion  which 
Ileidenhain  and  Orlow  have  formed,  that  the  whole  of  the  fluid  which 
has  disappeared  has  entered  directly  into  the  blood  vessels,  is  not 
warranted  by  the  results  of  their  experiments.  That  the  fluid  does 
not  enter  into  the  lymphatics  is  no  proof  that  it  enters  into  the  blood 
vessels,  so  that  their  conclusion  is,  in  fact,  only  a  mere  hypothesis. 
"While  it  is  certain  that  the  disappeared  fluid  entered  into  the  inter¬ 
stitial  spaces,  there  is  no  proof  whatever  that  it  leaves  the  tissue  spaces 
to  enter  into  the  blood  vessels,  a  course  which  is  the  more  open  to 
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doubt  since  we  see  that  filtration  and  osmosis  are  ineffective  in  bring¬ 
ing  tbe  fluid  into  the  lymph  capillaries.  However,  we  think  that  the 
blood  vessels  possess  an  advantage  over  the  lymphatics  in  their 
stronger  current,  which  carries  away  every  trespassing  molecule  to 
make  room  for  another  one. 

As  to  the  strength  of  the  conclusion  from  the  experiments  of 
Ileidenhain  and  Orlow  with  regard  to  the  lymphatics  themselves, 
we  would  only  say  here  that  the  thoracic  duct  is  not  the  only  canal 
which  carries  the  lymph  from  the  abdominal  cavity.  In  our  experi¬ 
ment  with  larger  quantities  of  salt  solutions,  as  well  as  with  the  potas¬ 
sium  ferrocyanide,  we  saw  that  the  right  lymphatic  duct  exerts  also  a 
decided  influence  upon  the  absorption  from  the  abdominal  cavity.  In 
the  experiments  of  Ileidenhain  and  Orlow  it  is  possible  that  the  right 
lymphatic  duct  vicariously  assumed  the  task  of  removing  the  share  of 
the  surplus  allotted  to  the  lymphatics,  inasmuch  as  the  lymph  flowing 
from  the  thoracic  duct  through  a  cannula  under  atmospheric  pressure 
is  less  equal  to  its  task,  as  it  is  deprived  of  a  helpful  factor,  the  nega¬ 
tive  pressure  which  is  supplied  by  the  suction  occurring  in  the  jugular 
veins  during  each  inspiration. 

Our  own  experiments  have  shown  that  the  ligation  of  the  lym¬ 
phatic  duct  certainly  reduces  the  quantity  of  fluid  that  disappears 
from  the  abdominal  cavity  in  a  given  period  of  time  and  to  a  notice¬ 
able  degree.  While  insisting,  on  the  one  hand,  that  the  experiments 
of  Ileidenhain  and  Orlow  do  not  prove  absolutely  that  the  lym¬ 
phatics  do  not  carry  off  any  of  the  fluid,  we  admit,  on  the  other  hand, 
that  our  experiments  do  not  necessarily  mean  that  the  lymphatics 
carry  off  some  share  of  the  fluid.  The  influence  of  the  ligation  can 
be  interpreted  also  by  the  assumption  that  the  prevention  of  the  re¬ 
moval  of  the  usual  quantity  of  lymph  from  the  interstitial  spaces 
causes  there  so  many  changes  in  the  mechanical  and  osmotic  pressures 
that  only  a  smaller  part  of  the  normal  quantity  can  be  taken  up  by 
the  interstitial  spaces  from  the  abdominal  cavity.  Thus  the  positive 
conclusions  which  we  can  draw  from  our  experiments  with  the  salt 
solutions  must  be  restricted  to  the  bare  statement  that  the  ligation  of 
the  lymphatics  exerts  a  restricting  influence  upon  the  quantity  of 
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fluid  disappearing  from  the  abdominal  eavity,  hut  the  experiments 
do  not  indicate  whether  or  not  the  lymphatics  carry  away  a  part  of 
this  fluid. 

It  is  different,  however,  with  our  experiments  made  with  strych¬ 
nine  and  potassium  ferrocyanide.  Here  we  have  seen  distinctly  that 
when  the  lymph  ducts  were  open  the  effect  of  the  strychnine  upon 
the  nervous  system  and  the  excretion  of  potassium  ferrocyanide  hy 
the  kidneys  occurred  much  earlier  than  when  the  lymphatie  ducts 
were  ligated.  This  shows  unmistakably  that  in  the  normal  state 
strychnine  and  potassium  ferrocyanide  leave  the  interstitial  spaces 
mainly,  and  perhaps  exclusively,  by  the  way  of  the  lymphatics.  When 
the  lymph  ducts  are  ligated  the  substances  linger  for  some  time  within 
the  interstitial  spaces  until  the  mechanical  or  osmotic  pressure,  or 
rather  both,  reach  a  condition  which  enables  these  foreign  substances 
to  enter  directly  into  the  blood  vessels. 

It  was  our  experience  with  strychnine  and  potassium  ferrocyanide 
which  made  us  inclined,  as  stated  above,  to  support  the  hypothesis 
that  to  the  lymphatics,  among  other  duties,  is  assigned  the  special  task 
of  carrying  off  from  the  interstitial  spaces  such  products  as  are  either 
foreign,  useless,  or  harmful  to  the  tissue,  and  to  deposit  them  in  the 
lymphatic  glands  or  to  convey  them  to  the  blood,  to  be  rebuilt  there 
or  to  be  excreted. 

Our  position  with  regard  to  the  lymphatics  can  be  briefly  de¬ 
fined  as  follows:  Our  experiments  prove  that  strychnine  and  potas¬ 
sium  ferrocyanide  are  carried  mainly  or  exclusively  by  the  lymphatics. 
It  is  further  cpiite  certain  that  ligation  of  the  lymph  duct  on  the  one 
hand  restricts  the  entrance  of  fluid  from  the  abdominal  cavity  into 
the  interstitial  spaces,  and  on  the  other  hand  even  assists  foreign  sub¬ 
stances,  like  strychnine  and  potassium  ferrocyanide,  present  in  the 
interstitial  spaces,  in  finally  entering  into  the  blood  throiigh  the  walls 
of  the  blood  vessels.  Of  the  hypotonic  and  isotonic  solutions  of  sodium 
chloride  introduced  into  the  abdominal  cavity,  we  merely  know  for 
certain  that  they  enter  with  more  or  less  ease  into  the  interstitial 
spaces;  of  their  final  fate  we  can  only  state  hypothetically  that  they 
partly  enter  also  into  the  lymphatics,  selecting  those  ducts  which  are 
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open  and  offer  the  best  facilities  for  their  transference  into  the  circula¬ 
tion. 

As  to  the  absorption  of  fluid  from  the  peritoneal  cavities  of  dead 
animals,  we  have  to  admit  that  even  without  the  vital  force  as  an 
active  factor  in  the  absorption  there  are  indisputable  changes  in  the 
dead  bodies  wdiich  undoubtedly  alter  in  some  respects  the  mechanism 
of  absorption  in  them.  Though  we  know  very  little  of  the  working 
of  osmosis  in  animal  bodies,  we  know  enough  to  enable  us  to  recognise 
the  fact  that  in  the  living  body  we  have  to  deal  nearly  always  with 
relations  between  more  or  less  initial  rates  of  osmosis,  while  in  the 
dead  bodies  we  deal  with  conditions  approaching  more  the  final  rates 
of  osmotic  pressure.  There  is  no  transudation  of  fluid  from  the  blood 
vessels  into  the  interstitial  spaces,  and  there  are  no  anabolic  processes 
going  on  within  the  tissue.  Furthermore,  there  are  no  longer  mus¬ 
cular  contractions  to  produce  mechanical  pressure  for  filtration,  and 
there  is  no  current  either  within  the  blood  vessels  or  lymphatics. 
With  respect  to  this  last  statement,  it  is  true  that  the  lymph  flows 
from  a  cannula  in  the  thoi’acic  duct  for  some  time  after  death;  but 
this  does  not  show  that  the  lymph  is  moving  through  the  thoracic 
duct  when  it  is  normally  connected  with  the  jugular  vein  any  more 
than  the  flow  of  blood  from  a  cut  would  prove  that  the  blood  is  flowing 
within  the  uncut  vein.  The  fact  that  there  is  no  current  in  the  in¬ 
nominate  veins  proves  our  assumption  that  the  thoracic  duct  does  not 
discharge  its  contents  into  the  jugular  vein. 

These  changes,  however,  apparently  influence  but  very  little  the 
entrance  of  the  fluid  from  the  peritoneal  cavity  into  the  interstitial 
spaces.  The  laws  of  the  final  osmotic  pressure  permit  the  absorption 
by  osmosis  of  hypotonic  fluid,  which  was  exclusively  employed  in  our 
experiments  with  dead  animals.  Besides,  the  rapid  development  of 
gases  within  the  stomach  and  intestines  of  dead  animals  forms  a  new 
and  efficient  factor  for  filtration.  Thus  we  may  say,  as  already  stated 
above,  that  the  entrance  of  the  fluid  into  the  lymphatic  spaces  occurs 
in  dead  animals  also  by  osmosis  assisted  by  filtration,  and  that,  though 
filtration  may  have  a  lai’ger  and  osmosis  a  smaller  share  in  the  process 
here  than  in  a  similar  process  in  the  living  body,  the  final  effect  is 
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about  the  same.  Tliat  the  ligation  of  tlie  lymphatic  duct  has  no  in¬ 
fluence  upon  the  quantity  of  fluid  which  disappears  from  the  peri¬ 
toneal  cavity  is  natural  enough,  for  even  without  ligation  there  is  no 
current  of  lymph  within  the  lymphatics  of  the  dead  body. 

It  must  be  different  with  the  further  disposal  of  fluid  within  the 
interstitial  spaces  of  the  dead  animals.  IsTone,  or  almost  none,  of  the 
fluid  will  enter  either  the  blood  or  the  lymph  capillaries.  Even  if  there 
should  be  enough  of  osmotic  and  mechanical  pressure  to  make  some 
molecules  pass  through  into  the  lumen  of  the  vessels,  there  is  no  cur¬ 
rent  to  carry  off  these  molecules  to  make  room  for  others,  and  the  effect 
of  simple  diffusion  within  these  minute  vessels  is  exceedingly  small. 
The  fluid  which  has  entered  the  interstitial  spaces  must,  therefore,  re¬ 
main  there,  but  in  this  case  again  there  are  no  respiratory  movements  or 
other  muscular  contractions  to  effect  a  wider  distribution  over  a  larger 
area  and  through  the  entire  thickness  of  the  tissues.  The  fluid,  there¬ 
fore,  remains  in  a  superficial  layer  of  a  limited  space  of  the  tissue 
next  to  the  peritoneal  cavity.  In  this  fact  is  to  be  found  an  explana¬ 
tion  for  the  often  noted  “  exceedingly  imbibed  and  oedematous  con¬ 
dition  of  the  tissue,  especially  of  the  posterior  walls  ”  in  the  dead 
rabbits. 


ON  ABSORPTION  OF  STRYCHNINE  AND  HYDROCY¬ 
ANIC  ACID  FROM  THE  MUCOUS  MEMBRANE  OF 
TPIE  STOMACH.— AN  EXPERIMENTAL 
STUDY  ON  RABBITS.* 

By  S.  J.  MELTZER,  M.  D. 

{From  the  Physioloyical  JAiboratory  of  the  College  of  Physicians  and  Surgeons, 
Columbia  University,  New  York.) 

It  has  always  been,  and  still  seems  to  be,  the  prevailing  opinion 
that  the  stomach  is  capable  of  absorbing  soluble  and  diffusible  sub¬ 
stances,  and  there  seemed,  indeed,  to  be  no  reason  to  suppose  that  the 
mucous  membrane  of  the  stomach  should  with  regard  to  absorption 
be  inferior  to  any  other  mucous  membrane. 

Recent  investigations,  however,  have  brought  to  light  some  new 
facts  with  regard  to  the  power  of  absorption  of  the  stomach,  the  most 
striking  of  which  is  surely  the  unexpected  result  that  the  stomach 
does  not  absorb  any  water.  Edkins  t  introduced  into  the  stomach 
of  cats,  after  the  ligation  of  cardia  and  pylorus,  a  measured  quantity 
of  salt  solution,  and  recovered  after  an  hour  exactly  the  same  quantity 
again.  Von  Mering,^  Avho  experimented  on  dogs  with  a  duodenal 
fistula,  found  that  a  larger  quantity  of  water  came  out  through  the 
fistula  than  the  dogs  had  taken  by  the  nioiith.  As  my  experiments 
have  reference  mainly  to  the  absorption  of  strychnine  and  of  hydro¬ 
cyanic  acid,  I  shall  restrict  my  references  to  literature  to  those 
having  direct  bearing  upon  this  subject.  As  far  as  I  can  ascertain, 

*  Read  at  the  Eleventh  Annual  ^Meeting  of  the  Association  of  .Vmeriean 
I’hysicians,  April  30,  1890. 

•f- J.  S.  Edkins,  The  Absorption  of  Water  in  the  Alimentary  Canal.  Journal 
of  Physiology,  1892,  p.  460. 

Von  Mering,  Ueber  die  Functionen  des  Magens.  Thcrapeutische  Monats- 
heftc,  ^lai,  1893. 
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there  are  only  two  statements  on  the  absorption  of  strychnine  in  the 
stomach. 

Bouley  and  Colin  *  have  introduced  strychnine  into  the  stomach 
of  animals  whose  pylorus  was  either  ligated  or  paralyzed  by  vagotomy. 
They  report  that  in  the  dog,  swine,  and  cat  the  effects  of  the  strych¬ 
nine  appeared  very  rapidly;  the  effect  was  retarded  in  the  cow,  and 
there  was  no  effect — at  least,  no  fatal  effect — in  the  horse.  Tap- 
peiner  f  has  experimented  with  strychnine  exclusively  upon  cats,  in 
whose  stomach  the  poison  was  introduced  through  a  stomach  tube. 
A  normal  cat  of  about  2  kilos  succumbed  to  the  effects  of  0.03 
gramme  of  strychnine  in  an  aqueous  solution  in  eight  minutes;  cats 
whose  pylorus  was  tied  succumbed  to  doses  of  0.05  and  more  only 
after  an  hour  and  thirty  minutes  or  even  later.  If  the  strychnine  solu¬ 
tion,  however,  contained  some  alcohol,  the  strychnine  took  effect 
almost  as  rapidly  as  when  the  pylorus  was  not  tied.  Tappeiner  also 
found  that  chloral  hydrate  in  aqueous  solution  was  not  absorbed  in 
the  stomach  of  a  dog  with  closed  pylorus,  while  an  alcoholic  solution 
of  it  was  readily  absorbed. 

Concerning  the  absorption  of  prussic  acid  from  the  stomach,  I 
could  find  no  reference. 

My  experiments  relate  to  the  absorption  of  various  solutions  in 
dogs  and  rabbits,  and  also  in  frogs,  but  I  shall  report  here  only  the 
results  I  obtained  in  rabbits  with  strychnine  nitrate  and  hydrocyanic 
acid.  The  animals  were  all  well  narcotized  with  ether  during  the 
operation.  In  most  cases,  after  the  introduction  of  the  poison  into 
the  stomach,  the  pyloric  and  cardiac  ends  of  the  stomach  were  tied. 
At  the  pylorus  the  ligature  was  applied  in  the  groove  between  the 
pylorus  and  duodenum,  avoiding  the  inclusion  of  the  vessels  of  the 
stomach,  and  at  the  cardia  the  ligature  was  applied  on  the  oesophagus 
just  beneath  the  diaphragm.  I  shall  now  let  the  experiments  speak 
for  themselves. 

Experiment  3. — Eabbit,  1,800  grammes,  not  starved.  Through  a 
soft  catheter,  introduced  by  the  mouth  into  the  stomach,  10  milli- 

*  Colin,  Traite  tie  pliysiologie  comparee,  vol.  ii,  p.  91. 

t  Tappeiner,  Ueber  Resorption  im  Magen.  Zeitschrift  fiir  Biologic,  1880. 
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grammes  of  strychBine  were  injected,  catheter  removed,  and  rabbit  taken 
off  from  the  board.  After  fourteen  minutes  a  typical  strong  tetanus 
broke  out;  a  few  more  followed,  and  the  rabbit  died. 

Exp.  41. — Babbit,  1,760  grammes,  not  starved.  Through  an  open¬ 
ing  made  in  the  oesophagus  a  catheter  was  introduced  into  the  stomach, 
and  6  milligrammes  of  strychnine  in  water  coloured  with  methylene  blue 
injected.  Babbit  put  on  a  box.  After  eighteen  minutes,  animal  showed 
great  uneasiness,  and  nine  minutes  later,  with  a  sudden  jerk,  a  strong 
opisthotonos  set  in,  which  lasted  over  two  minutes.  Babbit  remained 
hyperjEsthetic  for  half  an  hour,  and  gradually  recovered. 

These  two  control  experiments  are  sufficient  to  show  that  6  to  10 
milligrammes  of  strychnine  brought  into  the  full  stomach  of  a  rabbit 
do  not  fail  to  produce  within  half  an  hour  the  characteristic  effect. 

Exp.  4. — Babbit,  980  grammes,  starved  three  days,  stomach  nearly 
empty.  Cardia  tied,  an  opening  made  in  duodenum,  and  a  thin  catheter 
introduced  into  the  stomach,  reaching  the  wall  of  the  fundus.  Sixty 
milligrammes  of  strychnine  in  10  cubic  centimetres  of  a  forty-per-cent 
alcoholic  solution,  coloured  with  indigo  carmine,  were  injected,  the  tube 
removed,  duodenum  and  abdomen  sewed  up,  and  the  animal  brought 
to  the  box.  The  rabbit  lived  fifteen  hours,  and  at  no  time  was  there 
any  sign  of  hyperaesthesia,  of  increased  reflex  irritability,  not  to  speak 
of  a  convulsion.  The  death  was  apparently  due  to  peritonitis  and  aspira¬ 
tion  pneumonia  (“  Schluckpneumonie  ”),  but  certainly  not  to  strychnine 
poisoning.  The  stomach  was  considerably  distended,  and  apparently 
contained  more  fliiid  than  before  the  ligation. 

It  might  be  claimed  that  the  explanation  of  the  striking  fact  that 
60  milligrammes  of  strychnine  could  remain  for  fifteen  hours  in  the 
stomach  without  absorption  is  that  by  the  ligation  of  the  cardia  and 
pylorus  all  the  blood  vessels  and  the  lymphatics  of  the  stomach  were 
ligated,  thus  leaving  no  path  open  by  which  the  poison  could  have 
been  carried  into  the  circulation.  However,  the  stomach  had  by  no 
means  an  ischaemic  appearance;  on  the  contrary,  distinct  pulsation 
could  be  seen  also  after  the  ligation,  and  the  stomach  retained  in  every 
respect  its  natural  appearance.  At  any  rate,  such  a  claim  can  not  be 
raised  against  the  following  experiment. 

Exp.  7. — Middle-sized  rabbit,  pylorus  ligated,  cardia  open;  intro¬ 
duced  through  a  catheter  by  the  mouth  60  milligrammes  of  strychnine 
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in  an  aqueous  solution,  llabbit  lived  nineteen  hours  without  showing 
any  effects  of  strychnine.  Death  and  autopsy  as  in  the  preceding  ex¬ 
periment. 

Here  the  vessels  of  the  cardiac  end  of  the  stoniacli  remained  open; 
nevertheless  no  ahsorjjtion  took  place. 

Exr.  28. — Eahbit,  1,200  grammes,  starved  two  days,  cardia  left 
open;  introduced  a  tube  through  the  duodenum  into  the  stomach;  in¬ 
jected  into  the  fundus  45  milligrammes  of  strychnine;  rabbit  remained 
for  an  hour  on  the  holder;  no  sign  of  any  effect.  Then  the  rectum  was 
tied,  and  by  a  hypodermic  syringe  3^  milligrammes  of  strychnine,  coloured 
with  indigo  carmine,  were  injected  through  the  wall  of  the  rectum  into 
the  impacted  lumen.  After  twelve  minutes  a  tetanic  outbreak  set  in, 
which  terminated  fatally.  The  tetanic  outbreak  was  apparently  due  to 
the  quick  absorption  of  the  3^-  milligrammes  of  strychnine  from  the 
rectum.  No  drop  escaped  into  the  peritoneal  cavity  or  infiltrated  the 
wall  of  the  rectum,  as  coidd  he  seen  by  the  absence  of  the  blue  colour. 

Against  the  conclusion  that  the  mucous  membrane  of  the  stomach 
of  the  rabbit  does  not  absorb  strychnine,  another  objection  could  be 
raised,  namely,  that  the  stomach  of  the  rabbit  is  never  thoroughly 
enqity,  and  that  the  strychnine  in  all  the  cases  is  enveloped  by  the 
remnants  of  the  food  and  does  not  come  in  contact  with  the  mucous 
membrane  at  all.  To  meet  this  objection,  the  following  experiment 
was  made: 

Exp.  35. — babbit,  1,200  grammes,  starved  sixty  hours,  stomach  quite 
empty.  By  a  catheter,  which  was  introduced  through  an  opening  in 
the  oesophagus,  100  culhc  centimetres  of  water  were  brought  into  the 
stomach,  catheter  removed,  and  cartlia  left  open.  A  tube  was  intro¬ 
duced  through  duodenum  and  jiylorus;  the  inner  end  of  this  tube  was 
brought  in  close  proximity  with  the  wall  of  the  stomach,  then  00  milli¬ 
grammes  of  strychnine,  deeply  coloured  with  indigo  carmine,  was  in¬ 
jected,  and  some  air  blown  in;  now  the  tube  was  removed  and  the 
pylorus  tied.  An  hour  and  twenty  minutes  passed  by  without  a  sign  of  a 
strychnine  effect.  Judging  from  the  manifold  experiences  I  had  had  I 
was  sure  that  if  the  rabbit  did  not  show  the  effects  of  the  strychnine  in  the 
first  hour  the  effect  woiild  not  appear  at  all.  Therefore  the  rabbit  was 
used  for  another  experiment.  Three  milligrammes  of  strychnine  were 
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injected  through  the  anus  into  the  rectum.  x\fter  eight  minutes  a  brisk 
tetanus  carried  the  rabbit  off.  At  the  autopsy  the  entire  stomach  was 
taken  out.  The  stomach  was  transparent,  the  level  of  the  fluid  was  dis¬ 
tinctly  visible  and  changed  easily  with  each  change  in  the  position  of 
the  stomach.  On  opening  the  stomach,  the  contents  flowed  out  easily, 
no  food  clung  to  the  mucous  membrane,  and  where  the  coloured  strych¬ 
nine  touched  the  mucous  membrane  there  were  distinct  marks  of  the 
indigo  carmine  superficially  adherent  to  the  epithelial  layer. 

In  this  experiment  the  strychnine  was  surely  in  close  contact  with 
the  mucous  membrane  of  the  stomach,  and  the  vessels  of  the  cardiac 
end  were  also  not  ligated;  nevertheless  no  absorption  took  place. 

Exp.  40.— Eabhit,  2,100  grammes,  cardia  tied;  tube  passed  through 
duodenum  into  the  pyloric  part  of  the  stomach;  injected  50  milli¬ 
grammes  of  strychnine,  coloured  with  indigo  carmine,  directed  to  the 
front  wall  of  the  pyloric  part;  this  part  bulged  up,  tube  removed,  and 
pylorus  tied.  After  two  hours  and  five  minutes,  still  no  effect.  Now 
5  milligrammes  of  strychnine,  coloured  with  methylene  blue,  was  in¬ 
jected  into  the  front  wall  of  the  stomach  between  the  muscitlaris  and 
the  mucosa;  a  blue-stained  area  appeared,  hut  no  drop  of  the  fluid  es¬ 
caped.  After  two  minutes,  a  stormy  tetanus  broke  in  like  lightning,  and 
the  rabbit  was  dead. 

This  shows  strikingly  that  the  ligation  of  the  cardiac  and  the 
pyloric  ends  of  the  stomach  does  not  prevent  in  the  slightest  the  lym¬ 
phatics  and  the  blood  vessels  from  carrying  into  the  circulation  the 
fluid  wliicli  readies  them. 

In  sharp  contrast  to  our  results  with  strychnine,  we  found  that  the 
stomach  of  the  rabbit  promptly  absorbs  prussic  acid. 

Exp.  G. — Large  rabbit,  not  starved,  cardia  tied;  tube  introduced 
through  the  duodenum  into  the  stomach;  injected  100  milligrammes 
of  hydrocyanic  acid  (5  cubic  centimetres  of  the  official  two-per-cent  solu¬ 
tion),  coloured  with  indigo  carmine;  tube  removed  and  pylorus  tied. 
Eahhit  soon  shows  uneasiness,  the  breathing  becomes  laboured,  clonic 
convulsions  set  in,  and  the  animal  dies  in  fifteen  minutes. 

Exp.  2G. — Itahbit,  2,200  grammes,  not  starved,  cardia  ligated;  tube 
passed  through  duodenum;  injected  into  the  fundus  GO  milligrammes  of 
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prussic  acid;  tube  removed  and  pylorus  tied.  Eabbit  dies  after  twelve 
minutes  in  the  same  manner  as  in  the  former  experiment. 

At  the  autopsies  of  some  of  the  rabbits  which  died  from  prussic 
acid,  distinct  haemorrhagic  surfaces  were  found  on  the  mucous  mem¬ 
brane  of  the  stomach.  This  probably  accounts  for  the  good  absorp¬ 
tion  of  the  prussic  acid.  The  fact  that  hydrocyanic  acid  was  con¬ 
stantly  absorbed  from  the  ligated  stomach  of  the  un  starved  rabbits 
shows  that  the  acid  easily  reaches  the  mucous  membrane  even  in  a 
full  stomach,  and,  further,  that  the  ligation  alone  does  not  prevent 
the  blood  vessels  and  the  lymphatics  from  absorbing  fluids  which 
come  within  their  reach.  I  have,  therefore,  in  a  few  experiments  Avith 
strychnine  used  the  absorption  of  hydrocyanic  acid  as  a  test  for  the 
points  in  question. 

Exp.  13. — Very  large  rabbit,  3,300  grammes,  starved  twenty-four 
hours,  eardia  tied;  introduced  tube  throiigh  duodenum  into  the  stom¬ 
ach,  and  pylorus  tied  tightly  around  tube.  At  5.13  r.  M.  injected  50 
milligrammes  of  strychnine  in  10  cubic  centimetres  of  water;  at  8.38 
rabbit  perfectly  quiet;  injected  again  50  milligrammes  in  10  cubic  centi¬ 
metres  of  alcohol  (fifty  per  cent).  At  9.38  rabbit  sleeps  Avell;  no  sign  of 
str5'^chnine  effect.  Injected  now  100  milligrammes  of  prussic  acid  in 
an  alcoholic  solution;  rabbit  soon  starts  breathing  irregularly;  short 
inspirations;  commlsive  expirations,  with  long  intermission;  heart  first 
slow,  then  very  rapid,  growing  imperceptible;  some  clonic  convulsions; 
no  hyperaesthesia;  no  tetanic  or  tonic  contractions;  rabbit  dies  gradually 
Avithin  tAventy  minutes. 

Exp.  43. — Eabbit,  1,740  grammes,  eardia  tied;  tube  tbrougb  duo¬ 
denum  into  stomach;  injected  300  milligrammes  of  strychnine  in  30 
cubic  centimetres  of  Avater;  tube  rcmoA^cd  and  pylorus  tied.  After  an 
hour  and  fifty  minutes  no  effects  Avhatsoever;  GO  milligrammes  of 
prussic  acid,  coloured  Avith  methylene  blue,  Avere  noAV  injected  by  means 
of  a  hypodermic  needle,  thrust  through  the  front  Avail  of  the  stomach, 
directly  into  the  mass  of  food;  the  fine  opening  clamped;  nothing  es¬ 
caped.  Very  soon  after  the  veins  on  the  Avails  of  the  stomach  present 
a  bright  brick-red  colour;  the  same  Avas  seen  on  the  edges  of  the  spleen; 
irregular  laboured  breathing  set  in:  some  clonic  convulsions  appeared 
Avithout  the  presence  of  any  hyperaesthesia;  the  rabbit  died  Avitbin  tAvelve 
minutes. 
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The  death  was  certainly  due  to  the  prussic  acid,  which  rapidly 
reached  the  mucous  membrane,  penetrated  it,  and  was  cari’ied  off  hy 
the  lymphatics  and  the  blood  vessels  into  the  circulation.  The  enor¬ 
mously  large  dose  of  strychnine  has  probably  also  reached  the  mucous 
membrane,  and  would  also  have  been  carried  into  the  circulation  if 
it  could  only  penetrate  the  epithelial  layer  to  reach  the  lymphatics 
and  the  blood  vessels. 

I  append  two  more  experiments  to  show  the  character  of  absorp¬ 
tion  in  some  other  parts  of  the  alimentary  canal. 

Exp.  23. — Large  rabbit,  cardia  tied;  tube  passed  through  duodenum 
into  the  stomach;  injected  40  milligrammes  of  strychnine  in  a  thirty- 
three-per-cent  alcoholic  solution;  tube  removed  and  pylorus  tied.  After 
eight  hours  no  effect.  Then  14  milligrammes  of  strychnine  were  in¬ 
jected  into  the  oesophagus,  the  upper  end  of  which  was  tied.  After 
an  hour  and  thirty-five  minutes,  still  no  effect.  Now  4  milligrammes 
of  strychnine  were  injected  into  the  pharynx;  in  four  minutes  a  brisk 
tetanus  broke  in,  which  ended  fatally.  Of  course,  it  can  not  be  stated 
whether  the  absorption  has  taken  place  only  within  the  pharynx  or  also 
in  the  mouth,  and  perhaps  even  only  in  the  mouth  alone,  though  the 
injection  was  made  directly  into  the  pharynx. 

Exp.  19. — Middle-sized  rabbit,  oesophagus  tied  at  the  upper  end  and 
also  below  the  diaphragm.  The  vagi  and  the  inferior  laryngeal  nerves 
were  avoided.  Through  a  cannula  tied  in  the  oesophagus  several  injec¬ 
tions  were  made.  At  first  only  4  milligrammes  of  strychnine  were  in¬ 
jected;  half  an  hour  later  4  milligrammes  more  were  added,  and  forty 
minutes  after  this  again  10  milligrammes  were  injected.  An  hour  and 
fifteen  minutes  passed  after  the  last  injection  with  no  sign  even  of  in¬ 
creased  irritability.  Now  4  milligrammes  of  strychnine  were  injected 
into  a  loop  of  the  small  intestine;  after  seven  minutes  there  was  already 
marked  hyperajsthesia,  and  five  minutes  later  a  stormy  tetanus  caused 
death. 

I  have  to  add  that  in  one  experiment  half  an  hour  after  injec¬ 
tion  of  10  milligrammes  of  strychnine  into  the  oesophagus,  a  tetanic 
attack  did  take  place,  but  the  oesophagus  in  this  case  was  very  much 
distended  by  air,  which  surely  facilitates  the  absorption. 

The  results  of  my  experiments,  briefly  summed  Tip,  are  as  follows : 
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The  introduction  of  6  to  10  milligrammes  of  strychnine  into  the  full 
stomach  of  a  rabbit  with  pylorus  open  is  sure  to  bring  on  a  tetanus 
within  a  short  time.  The  etfect  is  probably  brought  about  by  the 
rapid  passage  of  the  strychnine  from  the  stomach  into  the  intestine, 
whence  it  becomes  absorbed  in  a  few  minutes. 

When  the  pylorus,  however,  is  closed,  even  such  large  doses  as  200 
milligrammes  of  strychnine,  remaining  for  many  hours  within  an 
empty  stomach,  with  good  circulation  and  with  intact  innervation  of 
the  vagi,  do  not  produce  any  effect  at  all.  It  seems  that  the  mucous 
membrane  of  the  stomach  does  not  absorb  even  the  smallest  fraction 
of  the  strychnine.  Xext  to  the  stomach,  we  also  found  that  the  mu¬ 
cous  membrane  of  the  oesophagus  absorbs  strychnine  very  poorly. 

The  pharynx  is  apparently  the  part  of  tlie  alimentary  canal  which 
absorbs  best;  3  to  4  milligrammes  in  the  pharynx  will  induce  a 
tetanus  in  three  to  four  mimites. 

The  rectum  absorbs  nearly  as  well  as  the  pharynx,  as  3  milli¬ 
grammes  injected  through  the  anus  will  call  forth  a  tetanus  in  six  to 
eight  minutes.  The  absorption  seems  to  take  place  here  even  better 
than  in  the  small  intestine,  as  it  takes  twelve  to  fifteen  minutes  before 
a  tetanus  breaks  out  after  an  injection  of  4  to  5  milligrammes  of 
strychnine  into  a  loop  of  the  small  intestine. 

Prussic  acid  is  absorbed  very  well  from  the  stomach  even  when 
the  pylorus  is  ligated.  It  seems  to  produce  a  ha3morrhagic  surface 
on  the  mucous  membrane,  which  facilitates  the  absorption.  Possibly, 
also,  the  volatility  of  prussic  acid  may  favour  prompt  absorption,  as 
gases  seem  to  be  readily  absorbed  in  the  stomach. 
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Pkociiownik  and  Spatli,  in  1890,  made  the  observation  that  bac¬ 
teria  adhering  to  the  positive  pole  of  an  electrical  current  are  retarded 
in  growth  or  killed,  according  to  the  strength  and  duration  of  the 
current.  In  these  experiments  results  were  obtained  only  by  growing 
the  bacteria  in  agar  on  the  electrodes  themselves,  and  then  dipping 
these  in  salt  solution  and  passing  the  curi’ent.  Simply  passing  the 
current  through  a  liquid  culture  or  suspension  of  the  bacteria  had  no 
effect.  They  attribute  the  effect  to  the  chlorine  gas  liberated  at  the 
positive  pole. 

Apostoli  and  Laquerriere  found  that  passing  a  current  through 
bouillon  cultures  had  the  effect  of  killing  bacteria  if  the  poles  are 
placed  close  together.  The  action  is  independent  of  the  heat  that  is 
produced,  and  takes  place  only  at  the  positive  pole.  The  action  is 
believed  to  be  due  to  the  decomposition  of  the  nutrient  solution  into 
acids  and  to  the  liberation  of  oxygen.  The  electricity  itself  is  not 
believed  to  play  any  part  directly. 

Foth  found  that  electrical  currents  lessen  the  fermentative  power 
of  yeast  cells.  He  concludes  that  the  action  is  due  to  the  products  of 
electrical  decomposition,  notably  to  the  development  of  ozone. 

Tolomei  found  that  only  strong  discharges  from  a  Ruhmkorff  ap¬ 
paratus,  jdaced  very  close  over  the  surface  of  the  liquid,  stops  acetic- 
acid  fermentation.  These  discharges  do  not  cause  a  sterilization  of 
the  liquid,  and  fermentation  begins  again  slowly  after  the  discharge. 

Spilker  and  Gottstein  tested  the  effect  of  electricity  upon  cultures 
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and  suspensions  of  bacteria  in  various  fluids.  Tlie  bacteria  were  de¬ 
stroyed  in  suspensions  in  water  and  in  “  weiss  Bier,”  but  not  in  milk. 
The  suspensions  in  blood  were  sterilized  by  the  electrical  current,  and 
it  was  supposed  that  the  iron  in  the  blood  had  something  to  do  with 
the  action;  but  suspensions  in  solutions  of  various  salts  of  iron  were 
not  sterilized  by  the  electrical  current.  Suspensions  in  solutions  of 
iron  albuminate  were  retarded  in  growth,  but  development  of  bacteria 
recommenced  after  eight  days. 

Yerhoogen  found  that  there  was  a  destruction  of  bacteria  around 
the  positive  pole  with  weak  currents,  but  if  the  current  is  made  strong 
enough  there  is  this  action  also  around  the  negative  pole. 

Charrin  reported  some  observations  of  Gautier  made  on  suspen¬ 
sions  of  bacillus  pyocyaneus  in  solutions  of  iodide  of  potassium  and  in 
artificial  serum.  The  positive  electrode  consisted  of  copper,  and  was 
dipped  into  the  suspensions  of  the  bacteria.  In  both  cases  the  bacillus 
was  deprived  of  its  power  of  producing  any  colour  when  grown  on 
agar  after  the  current  was  passed  for  seven  minutes;  longer  action 
was  found  to  retard  subsequent  growth  and  even  to  cause  sterilization. 

Kruger  found  that  the  constant  current  is  able  to  suspend  growth, 
but  not  to  kill  bacteria,  where  all  chemical  action  due  to  the  products 
of  decomposition  of  the  nutrient  material  is  excluded.  Cultures  sub¬ 
jected  to  a  certain  strength  of  current  for  a  certain  length  of  time 
possess  immunizing  properties. 

Smirnow  inoculated  a  large  number  of  rabbits  with  0.5  to  0.7 
cubic  centimetre  of  a  bouillon  culture  of  the  diphtheria  bacillus  two 
or  three  days  old,  and  twenty-four  hours  afterward,  when  the  animals 
were  very  sick,  he  injected  8  to  10  cubic  centimetres  of  the  product 
from  the  positive  pole  of  electrolyzed  toxin.  The  animals  all  recov¬ 
ered.  In  order  to  convert  200  cubic  centimetres  of  toxin  into  anti¬ 
toxin,  he  finds  it  necessary  to  use  a  current  of  80  milliamperes  for  not 
less  than  sixteen  to  eighteen  hours.  The  action  of  the  current  on  the 
toxin  is  apparent  at  the  positive  pole  by  a  bleaching  of  the  bouillon; 
at  the  negative  pole  by  a  darkening  of  the  bouillon.  In  applying  the 
current,  Smirnow  used  a  U-shaped  tube,  with  a  glass  stopcock  in  the 
middle. 
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Kruger  finds  that  the  calibre  of  the  U-tube  used  to  contain  the 
culture  should  not  be  more  than  18  millimetres,  and  that  the  entire 
length  should  not  be  more  than  22  centimetres.  The  current  should 
be  made  to  pass  upward  through  the  liquid.  liruger,  moreover,  ob¬ 
tained  the  best  results  by  scraping  the  diphtheria  bacilli  off  of  agar 
cultures  and  making  a  suspension  in  one-per-cent  salt  solution.  This 
he  finds  better  than  bouillon  cultures.  He  was  able  to  prevent  death 
in  rabbits  inoculated  with  virulent  cultures  by  injection  of  3  cubic 
centimetres  of  cathode  product,  and  he  found  he  could  save  rabbits 
with  2  cubic  centimetres  of  the  crude  product. 

Smirnow  finds  that  diphtheria  antitoxin,  which  cures  inoculated 
rabbits  and  guinea-pigs  even  in  advanced  stages  of  the  disease,  can  be 
obtained  by  electrolysis;  that  the  strength  of  the  antitoxin  depends 
largely  upon  the  strength  of  the  toxin  that  has  been  subjected  to  the 
current;  moreover,  that  it  depends  upon  the  degree  of  acidity  of  the 
liquid  at  the  negative  pole.  This  acidity  should  be  such  that  0.9  to 
1.3  cubic  centimetre  of  normal  soda  solution  neutralizes  1  cubic  centi¬ 
metre  of  the  electrolyzed  product.  This  degree  of  acidity  is  the  opti¬ 
mal  for  guinea-pigs,  but  for  rabbits  the  current  must  be  allowed  to 
act  for  a  longer  time  and  the  acidity  should  be  such  that  1.5  to  1.7 
normal  soda  solution  is  required  to  neutralize  it.  He  finds  that  any 
of  the  electrolyzed  product  above  that  which  is  just  sufficient  is  in¬ 
jurious. 

D’Arsonval  and  Charrin  find  that  continued  or  intermittent  cur¬ 
rents  of  high  potentiality  attenuate  toxins  as  well  at  the  positive  as 
at  the  negative  pole.  They  find  that  toxin  treated  with  a  continuous 
cTirrent  is  simply  destroyed  by  the  chemical  products  of  electrolysis, 
and  possesses  little  or  no  antitoxic  properties.  But  toxin  treated  with 
an  intermittent  current,  where  the  current  was  reversed  about  200,- 
000  times  a  second,  produced  fairly  strong  antitoxin  in  a  quarter  of 
an  hour.  They  conclude  that  the  production  of  antitoxin  by  an  elec¬ 
trical  current  is  due  to  a  violent  vibration  of  the  molecules,  resulting 
in  a  rearrangement,  and  not  to  any  chemical  decomposition. 

In  the  following  tests  we*  employed  a  current  from  the  Edison 
electric  light,  which  usually  has  a  strength  of  110  volts;  this  was  re- 
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duced  and  controlled  by  a  simple  rheostat  inserted  in  the  current. 
The  apparatus  used  to  hold  the  liquid  cultures  consisted  of  two  test 
tubes,  connected  about  the  middle  by  a  tube  with  a  stopcock.  In 
some  cases  the  stopcock  was  of  glass,  in  others  of  hard  rubber.  The 
resulting  shape  of  the  apparatus  is  that  of  the  capital  letter  IT,  the 
vertical  arms  open  at  the  top  and  closed  below  with  a  platinum-wire 
electrode  melted  in.  In  order  to  expose  a  large  surface,  the  wire 
projects  inside  the  tubes  several  inches,  and  is  coiled  up.  The  cross 
arm  of  the  H  carries  the  stopcock.  Following  Ivriiger’s  suggestion, 
the  length  of  the  lower  half  of  the  vertical  arms  and  the  transverse 
connection  together  were  made  to  measure  22  centimetres,  and  the 
diameter  19  millimetres.  The  apparatus  with  these  dimensions  gave 
better  results  than  a  larger  apparatus  made  after  a  similar  pattern 
with  a  hard-rubber  stopcock.  In  all  cases  the  current  was  made  to 
pass  upward  through  the  liquid.  The  strength  of  the  current  was 
determined  with  a  Weston  milliamperemeter. 

The  action  of  the  cx;rrent  is  made  evident  by  the  evolution  of  gas 
bxibbles,  which  are  given  off  from  the  electrodes,  and  rise  and  form  a 
foam  at  the  top.  A  precipitate  quickly  forms  in  both  tubes,  bxit  more 
abundantly  over  the  positive  pole,  and  the  liquid  in  this  tube  also  be¬ 
comes  lighter  in  colour.  After  the  stopcock  is  turned  off,  cutting  off 
the  current,  the  j)recipitate  soon  settles  to  the  bottom.  The  fluid  over 
the  negative  ])ole  becomes  darker  in  colour.  There  is  a  peculiar  odour 
given  off,  resembling  that  of  chloride  of  lime;  bixt  it  was  found  that 
the  fluid  contained  only  one  tenth  of  one  per  cent  of  chlorine.  The 
strength  of  the  current  increases  gradually  as  it  is  allowed  to  pass, 
and  has  to  be  regulated  with  the  rheostat  from  time  to  time. 

Tests  were  made  on  bouillon  cultures  of  the  diphtheria  bacillus 
grown  for  varying  lengths  of  time  in  the  incubators.  Some  of  them 
were  filtered  through  several  thicknesses  of  filter  paper,  and  some  of 
them  were  unfiltered.  The  current  usxially  employed  varied  from 
44  to  72  milliamp^res,  and  was  allowed  to  act,  as  a  rule,  for  two 
hoxirs,  though  some  tests  were  made  with  cultures  that  had  been  sub¬ 
jected  to  the  current  for  hunger  and  shorter  periods  than  this.  In  all 
cases  the  strength  of  the  culture's  was  tested  on  guinea-pigs  previous 
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to  the  passage  of  the  current.  The  tests  as  to  whether  antitoxic  prop¬ 
erty  was  developed  by  action  of  the  electric  current  were  made  by 
Behring’s  method,  i.  e.,  by  administering  ten  times  a  certainly  fatal 
dose  of  diphtheria  toxin  along  with  varying  amounts  of  the  electro¬ 
lyzed  products,  either  mixed  with  the  toxin  or  injected  at  a  different 
place  in  the  animal. 

These  tests  soon  showed  that  there  is  a  production  of  antitoxin 
over  the  positive  pole,  as  the  following  result  of  one  of  several  experi¬ 
ments  will  show: 

A  guinea-pig,  weighing  230  grammes,  was  inoculated  under  the 
skin  with  a  mixture  of  1  cubic  centimetre  of  diphtheria  toxin  and  5 
cubic  centimetres  of  the  product  from  the  positive  pole.  A  similar 
guinea-pig  was  inoculated  at  the  same  time  with  1  cubic  centimetre 
of  the  same  toxin  mixed  with  5  cubic  centimetres  of  the  product  of 
the  negative  pole.  Before  the  current  was  passed  the  toxin  was  found 
to  be  of  such  strength  that  0.3  cubic  centimetre  would  kill  an  average¬ 
sized  guinea-pig  in  forty-eight  hours.  The  toxin  used  to  mix  with  it 
after  the  passage  of  the  current  killed  in  doses  of  0.1  cubic  centimetre 
in  forty-eight  hours.  The  guinea-})ig  inoculated  with  the  mixture 
containing  the  product  from  the  positive  i)ole  remained  alive,  and 
showed  no  symptoms  of  disease.  The  other  animal  died  promptly 
in  forty-eight  hours.  Two  and  a  half  cubic  centimetres  of  the  elec¬ 
trolyzed  toxin  was  insufficient  to  neutralize  ten  times  the  minimum 
fatal  dose  of  toxin.  In  order  to  test  whether  the  product  of  the  nega¬ 
tive  pole  was  in  itself  poisonous,  a  guinea-pig  was  injected  with  5 
cubic  centimetres  of  it,  and  remained  perfectly  well;  so  the  toxin 
properties  are  destroyed  at  the  negative  pole,  but  no  antitoxin  is  de¬ 
veloped. 

The  strongest  antitoxin  we  were  able  to  obtain  was  such  that  2 
cubic  centimetres  neutralized  ten  times  the  minimum  fatal  dose  for 
guinea-pigs.  In  a  single  ex})eriment  made  on  rabbits  by  intrav’enous 
injection,  neither  2  cubic  centimetres  of  the  product  of  the  negative 
pole  nor  3  cubic  centimetres  of  the  positive  ])ole  counteracted  0.6 
cubic  centimetre  and  0.5  cubic  centimetre  respectively  of  toxin. 

It  occurred  to  us  to  try  whether  the  presence  of  the  bacilli  them- 
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selves  would  influence  tlie  result.  So  unfiltered  cultures  and  the 
sediment  in  old  bouillon  cultures  were  tried,  but  the  result  was  the 
same,  viz.,  2  cubic  centimetres  of  the  product  from  the  positive  pole 
counteracted  ten  times  the  minimum  fatal  dose,  while  the  same 
amount  from  the  negative  pole  had  no  effect. 

Tests  with  a  much  weaker  current  for  a  somewhat  longer  time 
seem  to  indicate  that  this  method  offers  an  advantage.  But  if  the 
current,  even  though  very  weak,  be  kept  up  very  long — for  example, 
for  a  week  or  more — the  antitoxin  seems  to  be  less  potent. 
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Every  one  who  has  undertaken  the  production  of  diphtheria  anti¬ 
toxin  has  encountered  amarked  difference  in  the  behaviourof  the  horses 
undergoing  inoculation.  With  some  horses  it  is  a  matter  of  very  little 
difficulty  to  obtain  antitoxin  of  high  potency  in  a  comparatively  short 
time.  With  others  it  seems  impossible  in  any  way  to  obtain  strong 
antitoxin,  and  with  others  again  there  is  such  a  violent  reaction  even 
with  small  doses  of  toxin  that  it  is  impossible  to  continue  inoculation.* 
It  occurred  to  me  that  the  explanation  of  this  might  be  found  in  the 
normal  differences  of  the  blood  in  the  different  animals.  In  order  to 
test  this,  all  the  horses  that  were  afterward  used  for  the  production 
of  antitoxin  for  the  laboratory  of  the  Board  of  Health  of  Philadelphia 
were  first  tested  as  to  the  presence  of  antitoxin  normally.  It  was, 
perhaps,  to  be  expected  that  marked  differences  in  this  respect  would 
he  observable.  I  had  rather  expected,  if  there  were  any  differences, 
that  these  would  be  gradual,  that  all  horses  might  exhibit  more  or 
less  antitoxic  power  in  their  blood.  But  from  the  results  of  the  tests 
I  am  inclined  to  believe  that  this  is  not  the  case.  There  is  in  some 
cases  a  notable  amount  of  antitoxin,  in  others  it  seems  to  be  totally 
lacking.  It  seems  to  be  present  to  a  certain  definite  extent,  or  to  be 
entirely  absent. 

In  all,  the  blood-serum  of  twelve  healthy  horses  was  tested  pre¬ 
vious  to  injection  with  diphtheria  toxin.  Out  of  this  number  three 

*  This  difficulty  has  now  been  entirely  overcome  by  injecting  these  super¬ 
sensitive  horses  with  antitoxin  previous  to  and  during  the  treatment  with 
toxin,  as  recommended  by  Pawlowsky  and  Maksutow,  Zeitsch.  f.  Hyg.,  vol. 
xxi,  p.  485,  1896. 
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were  found  to  possess  autitoxiii  of  such  strength  that  3  cubic  centi¬ 
metres  of  the  serum  were  capable  of  neutralizing  ten  times  the  mini¬ 
mum  fatal  dose  for  guinea-pigs,  i.  e.,  ^/so  of  a  normal  antitoxin  unit. 
In  all  three  horses  the  strength  of  the  antitoxin  seemed  to  be  the  same. 
The  guinea-pigs  injected  with  3  cubic  centimetres  all  remained  alive 
and  well;  those  injected  with  a  lesser  amount  all  succumbed  promptly 
to  the  accompanying  dose  of  toxin.  Injections  of  blood-serum  from 
horses  not  possessing  normal  antitoxin  exerted  no  influence  even  in 
larger  doses  up  to  5  cubic  centimetres.  The  difference  seems  to  be 
clearly  one  of  quality  and  not  of  quantity,  an  essential  difference  in 
some  constituent  of  the  blood. 

The  behaviour  of  the  horses  possessing  antitoxin  normally  in  their 
blood  presents  certain  points  of  interest  on  injections  of  toxin.  These 
horses  show  much  less  reaction  at  the  beginning  than  other  horses, 
and  it  is  possible  to  increase  the  doses  to  a  certain  point  much  more 
rapidly  without  causing  alarming  symptoms.  After  the  dose  has  been 
increased  till  it  reaches  about  100  cubic  centimetres  or  more  the  re¬ 
action  seems  to  be  as  marked  as  in  those  horses  that  have  had  to  be 
brought  up  to  this  dose  more  gradually.  Experiments  on  two  horses 
with  antitoxin  in  their  blood  normally  and  two  without  antitoxin  were 
begun  together.  One  of  the  latter  reacted  so  strongly  that  it  was  im¬ 
possible  to  continue  even  with  very  small  doses.  The  experiments  on 
the  other  three  horses  have  been  continued.  Up  to  the  present  time 
one  of  the  horses,  with  antitoxin  normally  present,  has  received  nearly 
3  litres  of  toxin,  the  other  over  4  litres,  and  the  horse  without  the 
antitoxin  normally  present  has  received  less  than  2  litres,  and  yet 
they  all  show  about  the  same  amount  of  reaction  at  present  from  in¬ 
jections  of  100  cubic  centimetres  of  toxin.  At  first,  when  the  doses 
were  small,  there  was  practically  no  reaction  in  the  horses  where  the 
antitoxin  was  present  normally,  whereas  in  the  other  horse  there  was 
always  decided  reaction. 

One  of  the  horses  with  antitoxin  normally  ])resent  (the  horse  that 
has  received  about  3  litres  of  toxin)  is  beginning  to  furnish  strong 
antitoxin,  almost  1,000  units  to  10  cubic  centimetres.  The  other 
horse  with  antitoxin  normally  present  (the  horse  that  has  received 
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over  4  litres)  furnishes  very  weak  antitoxin,  less  than  600  units  to  10 
cubic  centimetres.  The  horse  *  that  had  no  antitoxin  normally,  that 
had  received  nearly  2  litres  of  toxin,  furnishes  quite  strong  antitoxin, 
almost  1,000  units  to  10  cubic  centimetres.  It  would  seem  from  this 
that  the  presence  or  absence  of  more  or  less  antitoxin  normally  has 
no  effect  upon  the  iTltimate  production  of  artificial  antitoxin  by  inocu¬ 
lation,  but  its  presence  enables  the  inoculations  to  be  made  with  less 
risk  to  the  animal. 

It  is  difficult  to  explain  the  presence  of  antitoxin  normally  in  the 
blood  of  horses.  Wassermann  f  found  antitoxin  in  the  blood  of 
healthy  persons,  who  claimed  never  to  have  had  diphtheria,  biit  he 
inclined  to  the  belief  that  these  persons  at  some  period  must  have  suf¬ 
fered  from  unrecognized  diphtheria.  Orlowski  X  also  found  diph¬ 
theria  antitoxin  in  the  blood  of  children  who  had  presumably  never 
suffered  from  diphtheria,  and  he  found  it  also  in  the  blood  of  con¬ 
valescents,  as  others  had  done.  Orlowski  does  not  accept  Wasser- 
mann’s  explanation,  because  he  does  not  find  that  the  age  of  the  chil¬ 
dren  has  anything  to  do  with  the  presence  of  normal  antitoxin,  and, 
moreover,  he  finds  that  the  antitoxin  present  after  convalescence  dis¬ 
appears.* 

*  This  animal  has  since  died. 

t  Wassermann,  Die  Immunitiit  Gesimder  g-egeniiber  Diphtherie.  Deutsche 
mcd.  Wochcnschr.,  1894. 

J  Orlowski,  Ueber  die  antitoxischen  Eigenschaften  des  Blutserums  bei 
Kindern.  Deutsche  mcd.  Wochenschr.,  1895. 

w  Cobbett  (Contribution  to  the  Study  of  the  Serum  Therapeutics  of  Diph¬ 
theria,  etc.  The  Jour,  of  Path,  and  Bact.,  vol.  iii,  No.  4),  in  an  article  which 
appeared  since  the  above  was  sent  in  for  publication,  has  also  found  that 
there  is  a  definite  amount  of  antitoxin  present  normally  in  the  blood  of  some 
horses.  He  furthermore  finds  that,  if  there  is  no  antitoxin  in  the  blood,  injec¬ 
tion  of  the  latter  into  guinea-xiigs  rather  increases  than  diminishes  the  action 
of  diphtheria  toxin. 
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By  henry  G.  BEYER,  M.  I).,  I’n.  D., 

SUllOEON,  UNITED  STATf:8  NAVY. 

The  effects  produced  by  exercise  on  the  liuman  body  may  be 
divided  into  immediate  and  remote,  subjective  and  objective,  pon¬ 
derable  and  imponderable,  permanent  and  temporary,  real  and 
imaginary. 

The  principal  immediate,  subjective,  and  temporary  effect  of 
almost  all  forms  of  exercise  is  a  general  feeling  of  well-being.  It  is 
quite  immaterial  whether  the  exercise  which  is  being  indulged  in 
consists  in  walking,  running,  bicycle  or  horseback  riding,  playing 
football  or  lawn  tennis,  rowing  in  a  shell,  or  doing  gymnasium  woi’k 
of  any  kind,  while  in  the  midst  i»f  it,  and  while  the  supply  of  those 
substances  in  which  our  energy  is  stored  up  in  the  muscles  is  still 
equal  to  the  demand  or  before  breathlessness  puts  a  stop  to  the 
enjoyment  of  our  work,  we  invariably  experience  a  certain  sense  of 
exhilaration,  which  must  be  actually  felt  in  order  to  be  properly 
appreciated.  This  fact  also  explains  in  a  way  the  quite  peculiar 
and  often  even  startling  enthusiasm  of  a  great  many  people  for  the 
particular  form  of  exercise  during  the  taking  of  which  tliey  first 
experienced  this  feeling. 

As  an  immediate  direct  consequence  also  of  almost  all  forms  of 
exercise,  it  is  perfectly  true  that  we  sleep  better  and  think  clearer ; 
we  react,  discriminate,  and  associate  ideas  quicker;  we  see, hear,  and 
taste  more  distinctly  ;  the  functions  of  the  skin  and  kidneys  are 
increased ;  digestion  and  assimilation  are  greatly  improved ;  the 
expansion  of  our  lungs  is  greater  and  the  contractions  of  the  heart 
are  stronger,  blood  pressure  being  slightly  increased ;  and,  finally, 
all  the  muscles,  both  voluntary  and  involuntary,  contract  more 
quickly  and  with  greater  effectiveness.  Such  effects  as  these  have 
been  abundantly  recorded. 
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How,  whatever  may  be  the  more  scientific  explanations  in  detail 
which  physical  and  chemical  physiology  and  psychology  have  to  offer 
for  this  temporary  simultaneous  increase  in  the  functions  of  all  these 
difterent  organs  and  tissues,  resulting  from  vigorous  exercise  of  any 
kind,  it  remains  an  intei’esting  fact.  An  increased  supply  of  oxygen 
in  the  capillaries,  together  with  a  more  rapid  and  abundant  outfiow  of 
the  products  of  wear  and  waste  than  takes  place  under  the  conditions 
of  rest,  seem  to  constitute  the  common  primary  cause  of  it  all.  The 
condition  may  perhaps  not  inaptly  be  compared  with  the  simple 
shifting  of  the  lighted  caudle  from  the  normal  atmosphere  into  one 
of  oxygen.  As  the  candle  burns  with  greater  brilliancy,  as  its  wick 
is  consumed  more  completely,  and  combustion  is  more  thorough 
when  in  an  atmosphere  of  oxygen  than  it  would  be  if  merely  sur¬ 
rounded  by  ordinary  air,  so  also  during  exercise  must  all  those 
chemical  processes  be  improved  and  quickened  upon  which  depend 
not  only  the  quality  but  also  the  quantity  of  the  functions  of  the 
different  cells  of  the  body  whenever  brought  in  contact,  as  is  the 
case  during  exercise,  with  an  amount  of  oxygen  from  two  to  seven 
times  greater,  for  a  given  time,  than  under  conditions  of  rest,  and 
when,  furthermore,  the  yn’oducts  of  such  increased  combustion  are 
carried  off  so  much  more  rapidly  than  is  the  case  under  normal 
conditions. 

Such  general  effects  as  these,  directly  traceable  to  almost  any 
form  of  vigorous  exercise,  are  simple  matters  of  daily  experience, 
and  every  one  of  us  has,  no  doubt,  experienced  and  verified  them 
frequently. 

It  is,  however,  quite  different  with  regard  to  some  of  the  more 
remote,  objective,  and  permanent  effects  of  exercise.  The  methods 
that  must  be  employed  in  order  to  ascertain  and  define  these  pre¬ 
cisely  and  with  sufficient  scientific  accuracy,  so  as  to  make  them 
absolutely  convincing,  must  be  more  carefully  chosen  than  has  been 
done  heretofore,  and  must  rest  upon  a  more  substantial  basis  than  do 
those  that  usually  suffice  for  the  determination  of  the  effects  of  a 
merely  subjective  and  temporary  character. 

Thus,  for  instance,  it  is  not  deemed  sufficient  to  note  or  record 
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the  various  increases  or  changes  in  several  different  dimensions  that 
take  place  during  or  after  a  course  of  exercises  taken  in  a  gymnasium 
in  the  cases  of  a  number  of  persons,  and  which  changes  are  usually 
determined  by  two  sets  of  measurements  taken  before  the  course 
begins  and  after  it  is  ended,  for  in  the  various  increases  or  changes 
noted  after  this  manner  are  contained  not  only  those  values  that  may 
be  due  to  the  exercise  performed,  but  also  those  that  must  be  due  to 
the  natural  growth  and  development,  and  which  are  quite  naturally 
expected  to  occur  during  the  period  of  life  occupied  b}’  the  persons 
who  are  the  subjects  of  such  observations,  as  well  as  by  the  time  occu¬ 
pied  by  the  observations  themselves. 

In  order,  therefore,  to  determine  exactly  what  increment  of 
height,  weight,  lung  capacity,  or  strength  is  due  to  exercise,  we  must 
first  of  all  know  what  the  amount  of  normal  growth  in  these  dimen¬ 
sions  is  that  is  expected  to  take  place  during  such  time  as  was  occu¬ 
pied  by  the  exercise  and  for  the  same  period  of  life. 

In  other  words,  the  absolute  annual  growth  values  for  each  and 
all  the  different  dimensions  must  first  of  all  be  worked  out  before 
we  can  possibly  deduce  those  values  which  may  result  from  a  certain 
given  amount  of  exercise  and  before,  it  would  seem,  we  had  any 
very  valuable  reason  or  right  at  all  to  talk  of  the  effects  on  growth 
and  development  of  any  particular  form  or  system  of  exercises. 

Now,  normal-growth  tables  and  curves  in  several  dimensions  of 
children  of  both  sexes,  and  from  the  sixth  to  the  eighteenth  year  of 
age,  have  been  worked  out  by  Bowditch  *  and  Porter.f  From  the 
ages  of  sixteen  to  twenty-two  years  such  tables  and  curves  have 
furthermore  been  calculated  and  ])ublished  from  tlie  records  of 
4,537  naval  cadets.:}:  It  would,  therefore,  seem  that  we  are  in 
])OSsession  of  a  certain  amount  of  valuable  statistical  material  cover¬ 
ing  a  period  of  nortnal  growth  from  the  sixth  to  the  twenty -second 

*  The  Growth  of  Children.  Twenty-second  Annual  Report  of  the  State  Board  of  Health 
of  Massachusetts. 

The  Growth  of  St.  Louis  Children.  Trans.  Academy  of  Scienees,  St.  Louis,  vol.  vi, 
No.  12. 

t  The  Growth  of  United  States  Naval  Cadets.  Proceedings  U.  S.  Naval  Inst.,  vol. 
xxi,  No.  2. 
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year  of  age,  and  which  material  is  well  calculated  to  serve  the  above- 
mentioned  purposes. 

The  values  of  the  absolute  annual  growth  that  are  shown  in 
these  tables  represent,  of  course,  the  averages  for  the  number  of  sub¬ 
jects  that  Avere  available  for  measurement  between  the  different 
years.  The  figures  given  under  the  different  percentile  grades  are 
likewise  only  average  values.  These  average  values  naturally  tell 
us  nothing  about  the  peculiarities  in  growth  that  are,  Avithout  doubt, 
inherent  in  distinct  types,  but  Avhich  it  was  impossible  to  eliminate 
and  to  study  separately.  Since,  hoAvever,  it  may  AA’^ell  be  taken  for 
granted  that  the  racial  composition  of  a  nation  changes  but  sloAvly, 
these  average  values  may  be  expected  to  stand  in  a  constant  ratio  to 
other  averages  derived  from  the  same  nation  or  parts  of  it,  and  con- 
sequentl}"  they  may  be  safely  employed  for  purposes  of  comparison 
Avith  values  derived  by  the  same  methods  and  obtained  from  identi¬ 
cal  sources.  At  any  rate,  these  A'alues,  although  perhaps  not  abso¬ 
lutely  true,  are  the  best  that  it  is  possible  to  obtain  Avith  the  means 
at  present  at  our  command.  Pure  types  of  man  in  these  modern 
times  are  the  exception  rather  than  the  rule,  and  no  country  with  a 
modern  civilization  exists  Avhich  is  free  from  composite  ty])es.  So, 
then,  Avhile  Ave  freely  and  frankly  admit  that  our  averages  are  far 
from  representing  the  American  types,  and  Avliile  the  groAvth  curves 
constructed  from  them  can  not  be  true  for  every  individual  included 
in  these  averages,  they  may  safely  be  pronounced  true  for  the  great 
majority  of  them,  and  consequently  they  are  and  must  be  com¬ 
parable  as  such,  if  not  to  individuals,  at  least  to  aA-erages  deriA'ed  by 
similar  methods  and  from  identical  sources. 

One  of  our  objects  is  to  utilize  these  averages  for  the  purpose  of 
shoAving  Avhether  or  no  our  method  of  physical  training  Avhich  Avas 
introduced  at  the  Naval  Academy  about  three  years  ago  has  an  in- 
tluence  on  the  groAvth  of  naval  cadets  as  regards  height,  Aveight, 
lung  capacity,  and  general  strength  over  and  above  that  method 
Avhich  Avas  in  vogue  before  that  time. 

To  this  end  we  began  about  three  years  ago  collecting  data 
someAvhat  as  folloAvs:  Every  cadet  entering  the  Academy  Avas  accu- 
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rately  measured,  all  the  measurements  being  taken  the  latter  part  of 
September  of  each  year.  The  gymnastic  work  during  October  and 
November  consists  mainly  in  a  daily  setting-up  drill,  and  from  Decem¬ 
ber  1st  to  the  last  of  March  a  regular  systematic  course  in  gymnasium 
work,  leading  from  the  lightest  calisthenic  exercises  very  gradually 
up  to  heavy  gymnastics  and  apparatus  work,  is  gone  through  with. 
The  work  is  done  in  the  form  of  drills,  tive  times  a  week,  beginning 
at  4.15  p.  M.  and  lasting  three  quarters  of  an  hour  each.  All  the  exer¬ 
cises  have  been  carefully  selected  and  arranged  according  to  physio¬ 
logical  ])riuciples,  and  the  drills  take  place  under  my  personal  su])er- 
vision.  Special  exercises  are  also  taken  by  those  of  the  cadets  in 
whom  previous  examination  revealed  the  existence  of  special  defects 
as  regards  SAunmetry,  so  that  it  may  be  said  that  during  the  first  six 
months,  the  only  time  during  which  gymnastic  exercises  are  made 
compulsory  at  the  Academy,  such  exercises  are  administered  on  the 
proper  principles  and  under  due  and  proper  supervision. 

The  last  of  March  all  those  of  the  cadets  who  have  not  dropped 
out  of  my  original  list  by  resignation  or  dismissal  from  the  service 
are  re-examined,  and  the  results  of  such  examinations  are  recorded, 
as  was  done  in  the  first  examination.  The  difference  between  the 
first  and  second  examinations,  it  may  be  fairly  assumed,  is  made  up  of 
the  values  of  the  absolute  semi-annual  growth  in  height,  etc.,  plus 
that  amount  Avhich  is  due  to  gymnastic  exercise,  other  conditions  of 
life  being  equal  for  all  the  cadets  under  observation  and  those  from 
which  the  normal  averages  had  been  worked  out,  and  with  which 
alone  we  propose  to  compare  our  gymnasium  averages. 

The  ages  of  the  cadets  entering  the  Academy  vary  from  sixteen 
to  twenty  years,  the  average  during  the  last  four  years  having 
steadily  remained  at  eighteen.  We  have  then  a  i)eriod  of  growth 
to  deal  with  which  covers  four  years — namely,  from  sixteen  to 
twenty  years.  Dividing  now  my  one  hundred  and  eighty-eight 
observations  that  have  so  far  accumulated,  and  arranging  them 
according  to  age,  multiplying,  furthermore,  by  two  these  settii-annual 
values  obtained,  thus  converting  them  into  annual  ones,  they  are 
ready  for  being  compared  with  the  tables  giving  the  normal  annual 
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absolute  growth  in  tlie  same  dimensions,  and  which  were  calculated 
from  4,537  cadets  of  previous  years. 

So  far  as  height  alone  is  concerned,  I  am  in  the  fortunate  posi¬ 
tion  of  being  able  to  make  a  still  more  valuable  comparison.  Being 
in  possession  of  the  complete  annual  records  of  the  lieights  of  one 
hundred  and  eighty-six  cadets  for  the  ages  of  from  sixteen  to  twenty- 
two  years,  1  was  able  to  produce  a  table  according  to  the  individual¬ 
izing  method,  and  which,  therefore,  is  of  far  greater  value  than  the 
one  obtained  by  means  of  tlie  generalizing  method,  in  spite  of  the 
numbers  in  the  latter  being  much  larger. 

The  possession  of  these  two  tables,  both  showing  the  normal 
amount  of  growth  in  height,  but  derived  according  to  different 
methods,  enables  me  not  oidy  to  compare  them  both  with  those 
obtained  from  the  gymnasium  records,  but  also  to  test,  in  a  measure, 
the  comparative  value  of  the  two  above-mentioned  methods  by 
which  the  two  tables  showing  the  normal  values  were  produced. 
In  comparing  these  two  tables  with  each  other,  the  first  thing  that 
will  be  noticed  is  that  the  distribution  of  the  annual  growth  values 
is  very  different  in  the  two;  but  when  we  add  these  values  together 
in  each  table  separately,  their  respective  sums  are  absolutely  iden¬ 
tical,  being  in  both  sixty-nine  respectively.  I  am  therefore  inclined 
to  believe  that  the  sums  in  each  and  both  are  correct  as  applying  to 
the  material  in  hand.  IVloreover,  the  fact  that  the  distribution  of 
the  values  in  the  table  produced  by  the  individualizing  method  is 
so  much  nearer  the  truth  and  to  nature  than  that  shown  in  the 
other  table  proves  conclusively  that  the  individualizing  method  is 
the  only  one  that  will  ever  give  us  the  correct  values  of  the  absolute 
annual  growth  that  occurs  between  any  two  successive  years  of  life. 
On  examining  the  figures  representing  the  averages  derived  from 
the  individual  records  of  one  hundred  and  eighty-six  cadets,  and 
comparing  them  with  those  obtained  from  one  hundred  and  eighty- 
eight  cadets  that  were  under  observation  in  the  gymnasium,  a  very 
striking  similarity  with  regard  to  the  distribution  of  the  annual 
growth  values  may  be  noticed  at  once. 

These  two  tables,  graphically  represented,  would  show  two  nearly 
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parallel  lines,  a  circumstance  arguing  strongly  in  favour  of  the  con 
elusions  draAvn  from  a  comparison  made  between  them. 

It  would  appear  from  these  tigures  that  a  positive  increase  in 
height  may  be  attained  through  properly  systematized  gymnastic 
exercise,  when  administered  between  the  years  sixteen  and  twenty, 
amounting  to  26‘6  millimetres  over  and  above  that  which  may  be 
expected  to  take  place  without  such  exei’cise.  (See  Table  I.)  The 
largest  amount  of  gain  in  height  occurs  between  sixteen  and  seven¬ 
teen  years,  being  38  millimetres,  or  10  millimetres  more  than  the 
normal  increase.  This  is  in  perfect  accord  with  the  laws  of  growth, 
for  it  is  well  known  that  the  younger  a  person  the  greater  also  are 
his  chances  for  growth,  and  it  would  seem  a  most  natural  inference 
to  make  that  any  agent  influencing  growth  favourably  would  like¬ 
wise  have  its  best  chance  to  assert  itself  at  that  time.  For  the 
remaining  years,  or  from  seventeen  to  twenty-one,  a  surplus  of  about 
4  millimetres  is  steadily  gained  over  the  normal  values. 

It  is  perhaps  not  altogether  superfluous  to  mention  here  that  all 
the  cadets  before  coming  to  me  for  their  first  measurements  have  had 
at  least  one  month’s  setting-up  drill,  swimming,  and  infantry  drill. 
About  one  half  of  their  number  entering  during  the  month  of  June 
have,  of  course,  had  these  same  drills  for  a  much  longer  time.  All 
of  them  have,  furthermore,  passed  a  satisfactory  physical  examina¬ 
tion  before  a  board  of  experienced  medical  examiners.  The  material 
on  wliich  these  examinations  or  observations  were  made  may  be 
safely  accepted  as  normally  developed  and  well  set  up  at  the  time  of 
their  first  examination  by  me. 

Tahi.e  I. — Ilek/ht. 


AVERAGE  IN’CREASE  IN  MM.  BETWEEN  THE  TEAKS 


10-17. 

17-18. 

18-l!t. 

19-20. 

20-21. 

Total. 

1 

From  I’ccords  of  4,r)37  *  naval  ca¬ 
dets,  normal  values . 

28 

0 

16 

19 

ru 

09-0 

2 

From  records  of  180  continuous  in¬ 
dividual  cadets,  normal  values. 

28 

20 

12 

7 

2-0 

09-0 

3 

From  records  of  188  cadets  influ¬ 
enced  by  gymnasium  exercise . 

38 

24 

10 

6*  B 

95-0 

*  In  this  numlier  are  included  several  hundred  who  left  hut  the  records  of  one  ex.ainina- 
tion ;  they  were  afterward  rejected  in  the  mental  examination,  and,  consequently,  never 
became  cadets. 
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Tlie  total  amount  of  increase  in  height  to  he  deduced  from  the 
adjoining  table  being  2G-6  millimetres,  or  a  little  more  than  one  inch, 
is,  perhaps,  not  quite  up  to  the  true  gain  in  this  dimension,  but  rather 
a  little  below  it,  our  normal  standard  having  been  obtained  from 
naval  cadets  whose  training  at  the  Academy  as  well  as  on  board  ship 
implies  an  amount  of  exercise  over  and  above  that  which  is  implied 
in  the  education  of  the  average  individnal  at  either  the  high  school 
or  college,  and  from  the  effects  of  which  it  was,  of  course,  impossible 
to  disentangle  our  normal  averages. 

Now,  a  gain  in  height  of  one  inch  during  four  years  of  systematic 
exercise  may  perhaps  not  seem  a  very  great  reward  for  the  time 
spent.  On  further  thought,  however,  it  is  of  the  greatest  impor¬ 
tance  when  applied  to  an  entire  nation  or  race,  whose  very  existence 
may  depend  on  the  physical  resources  and  strength  of  its  individual 
members,  as  it  sometimes  does  even  among  the  most  civilized.  The 
struggle  for  existence,  in  the  physical  sense  of  that  term,  has  not  yet 
come  to  an  end,  and  modern  civilization,  instead  of  preparing  for 
this  end,  seems,  on  the  contrary,  to  be  preparing  man  for  still  greater 
and  graver  struggles  in  the  near  future  than  he  has  had  to  encounter 
in  the  past. 

Throughout  these  observations  it  was  clearly  shown  *  that  the 
taller  a  cadet  was  at  the  beginning,  the  greater  also  was  the  amount 
of  weight  and  strength  that  Avas  gained  by  the  exercise  he  was  made 
to  perform.  It  was  invariably  observed  in  every  series  of  observa¬ 
tions  that  those  of  the  cadets  whose  gain  in  total  strength  was  over 
one  hundred  kilos  were  also  taller  and  heavier  than  those  whose 
gain  in  this  respect  fell  beloAV  one  hundred.  An  increase  in  height, 
therefore,  means  a  corresponding  increase  in  weight  as  well  as 
strength.  Consequently  Ave  incline  to  the  opinion  that  height  is 
the  most  important  consideration  in  an  investigation  of  this  character, 
and  any  agent  that  influences  growth  in  height  in  man  influences 
growth  in  hone.  Growth  in  height  practically  ends  at  the  age  of 
twenty-one  years,  Avhile  Aveight  and  strength  may  he  increased  al- 

*  See  Reports  of  the  Surgeon  General  to  the  Sccretarg  of  the  Narg  for  the  years  1 893, 
1894,  and  1895. 
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most  indefinitely  and  to  a  mueli  later  age,  and  when  we  speak  of 
the  growth  of  man  in  a  general  sense  Ave  ahvays  imply  growth  in 
height. 

Both  Bowditch  and  Porter  have  shown  that  the  period  of  the 
most  rapid  growth  for  hoys  occurs  between  the  ages  of  thirteen  and 
fifteen.  Our  observations  begin  with  boys  of  sixteen  years  of  age, 
a  time  when  the  period  of  the  most  rapid  growth  for  the  average  boy 
has  passed.  Now  if,  as  is  clearly  shown  by  our  table,  it  is  possible 
to  add  one  inch  to  our  height  by  means  of  systematic  exercise  after 
the  age  of  sixteen,  the  inference  is  rendered  very  probable  that  we 
could  add  still  more  to  it  if  such  exercise  were  applied  earlier.  This 
must  be  equally  true  for  growth  in  the  other  dimensions. 


Table  II. —  Weight. 


MEAN  INCREASE  IN  KILOS  BETWEEN  THE  YEARS 

16-17. 

17-18. 

18-19. 

19  20. 

20-21. 

Total. 

1 

Records  of  4,537  naval  cadets, 
normal  values  . 

3-6 

3-2 

2-4 

0-7 

0-2 

10-1 

2 

Records  of  188  observations  in 
gymnasium . 

8-8 

6-6 

6-f) 

6-6 

6-4 

35-0 

Examining  the  figures  presented  in  the  second  table,  we  find  that 
a  very  decided  increase  in  weight  has  taken  place,  which  increase 
is  due  to  exercise.  The  amount  of  increase  is  greatest  between  the 
years  sixteen  and  seventeen,  just  as  was  the  case  with  regard  to 
height,  but,  unlike  what  was  observed  in  the  table  of  the  heights,  the 
various  additions  of  weight  due  to  exercise  remain  pi*actically  uni¬ 
form  for  each  year  from  the  seventeenth  to  the  twenty-first. 

The  sum  of  35  kilos,  or  abom  77  pounds,  is  therefore  considered 
a  much  larger  proportionate  amount  of  increase  for  weight  than  was 
noticed  with  regard  to  height.  This  shows  well  how  much  easier 
groAvth  in  weight  is  influenced  by  exercise  than  is  height.  Weight, 
on  tlie  other  hand,  is  likewise  easily  and  quickly  lost.  Height,  once 
attained,  is  rarely,  if  ever,  lost  again. 

The  figures  in  Table  III  show  clearly  that  an  increase  in  lung 
capacity  has  occurred  above  the  normal  amount  between  each  year 
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from  the  sixteenth  to  the  twenty-first.  The  respective  annual  values 
are  steadily  diminishing  from  the  sixteenth  to  the  twenty-first  year 
in  both  tlie  normal  records  and  those  obtained  in  the  gymnasium ; 
they  stand,  therefore,  in  a  more  constant  ratio  to  the  various  values 
presented  in  the  table  of  the  heights  than  to  those  given  in  the  table  of 
the  weights,  wliich  remain  practically  unifortn  from  the  seventeenth 
year  on  to  the  twenty-first. 


Table  III. — Luwj  Capacity, 


MEAN  INCREASE  IN  LITRES  BETWEEN  THE  YEARS 


16-17. 

17-18. 

19-19.  19-20. 

20-21. 

Total. 

Records  of  4,637  cadets,  normal 

i 

0-250 

0-167 

0-152  '  0-083 

0-652 

Records  of  188  observations  in 

gymnasium . 

0-658 

0-640 

0-402  0-376 

0-340 

2-374 

This  must  be  regarded  as  an  observation  of  some  importance, 
since  it  has  a  bearing  on  the  “vital  index”  of  Hemeny,  or  the 

(LC\ 

A  high  vital  index  is 

deemed  an  attribute  of  perfect  training.  In  order  to  attain  a  higli 
vital  index,  the  lung  capacity  must  show  a  greater  proportionate 
increase  than  the  weight,  for  the  greater  the  capacity  of  the  lungs 
and  the  less  the  weight  of  a  person,  the  higher  will  be  this  index. 
Thus,  for  example,  the  mean  vital  index,  calculated  from  the  records 
of  4,537  cadets,  was  found  to  be  0'077  at  the  age  of  twenty-three 
years,  which  is  considered  a  very  high  index. 

From  a  physiological  point  of  view,  nothing  would  appear  more 
rational  or  more  desirable  than  to  acquire  a  proportionate  addition 
to  our  lung  area  for  every  pound  of  increase  in  muscular  substance 
which  we  gain  during  the  exercise  which  we  take.  Comparing  now 
the  figures  presented  in  Tables  II  and  III,  respectively,  it  will  be 
noticed,  while  the  various  additions  to  weight  (not  necessarily  all 
muscular  substance,  of  course)  between  two  successive  years  remain 
practically  uniform  in  amount,  that  the  corresponding  additions  to 
lung  capacity  show  a  uniform  and  steady  decline  from  the  beginning 
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to  tlie  end.  The  ratio  between  these  two  items,  in  other  words,  as 
represented  by  tlie  figures  in  the  two  tables,  would  indicate  a  steady 
and  continued  decrease  in  the  value  of  the  vital  index  directly  due 
and  traceable  to  tlie  (piality  of  the  exercise  which  was  performed. 

If,  therefore,  the  significance  of  this  vital  index  as  a  ci’iterion  of 
good  training  is  maintained,  then  our  system  of  physical  training 
would  clearly  have  the  fault  of  adding  on  too  much  weight.  I 
would  not  be  willing  to  admit  the  other  alternative — namely,  that  the 
development  of  the  lung  capacity  w"s  in  any  way  neglected  or  its 
importance  underestimated.  On  the  contrary,  all  possible  means  of 
training  and  instruction  are  employed  to  develop  the  lung  capacity 
to  the  greatest  possible  extent.  Thus,  for  example,  after  this  ob¬ 
servation  was  made  for  the  first  time,  more  running  was  practised 
than  had  been  done  the  year  previous ;  but  still  the  results  remained 
obstinately  the  same,  and  the  vital  index  invariably  became  smaller 
in  those  of  the  cadets  who  had  gained  both  weight  and  strength  in 
amount  fill*  above  the  average.  This  was  noticed  and  expressed  in 
my  first  publication  on  the  subject,*  and  has  since  been  noticed  to 
recur  every  year  with  regularity. 

I  was  thci*  and  am  now,  a  firm  believer  in  the  value  of  this  index, 
because  it  is  based  upon  sound  physiological  principles  and  because 
of  the  high  authority  from  whom  it  has  emanated. 

If  the  results  obtained  from  onr  method  of  training  show  a  de¬ 
crease  in  the  index,  which  results  are  contrary  to  the  expectations, 
we  should  be  inclined  first  to  look  for  the  fault  in  our  methods  of 
training  rather  than  to  question  the  validity  of  this  index  as  a  test 
of  the  condition  of  training. 

It  is  likely,  or  at  least  more  than  merely  possible,  that  we  may 
here  touch  one  of  the  more  vital  points  in  connection  with  the  whole 
subject  of  ])hysical  training.  If,  for  instance,  we  admit,  as  1  think 
we  must,  that  an  increase  in  muscular  strength  is  necessarily  accom¬ 
panied  with  a  proportionate  increase  in  the  weight  of  our  muscles, 
whether  this  ratio  is  a  decreasing  one  or  not ;  if,  furthermore,  this 
increase  in  weight  be  out  of  proportion  to  the  simultaneous  increase 

*  See  Surgeon  General's  Report  to  the  Seeretnrg  of  the  Neerg,  IS!)!!,  p.  165. 
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in  the  lung  capacity,  and,  consequently,  result  in  a  decrease  in  the 
vital  index — it  is,  as  mentioned  before,  more  than  merely  possible 
that  a  person’s  ca})acity  for  carrying  both  strength  and  weight  has 
been  reached  to  the  fullest  extent  consistent  with  the  most  perfect 
health  of  that  person. 

If  by  further  researches  this  supposition  could  be  proved  as  cor¬ 
rect,  we  should  be  in  possession  of  a  most  valuable  means  for  deter¬ 
mining  the  weight  and  strength  capacity  for  every  person  under¬ 
going  physical  training.  We  should  then,  moreover,  be  in  possession 
of  a  simple  means  by  which  we  might  pronounce  judgment  that  is 
worthy  of  the  name  on  the  comparative  merits  of  the  different  so- 
called  “systems”  of  gymnastics  in  vogue,  thus  forever  putting  an  end 
to  that  everlasting  war  of  words  that  has  been  waged  about  them  for 
very  nearly  one  hundred  years  without  making  us  any  wiser. 


Table  IV. — Total  Stretu/th* 


MEAN  INCREASE  IN  KILOS  BETWEEN  THE  YEARS 

16-17. 

17-18.  1 

18-19. 

19-ao. 

20-21.  1 

1 

Total. 

1 

Records  of  605  cadets,  normal 
values . 

39 

56 

43 

69 

61 

268 

Records  of  188  observations  iiil 
gymnasium . | 

260 

200 

236 

230 

244 

1176 

The  foregoing  Table  IV  shows  plainly  that  exercise  is  followed  by 
a  very  large  increase  in  muscular  strength.  Advancing  years,  at  least 
within  the  limits  of  those  presented  by  the  table,  seem  to  make  no 
difference  in  the  amount  of  gain  in  strength,  as  is  the  case  with  the 
other  items  treated  of  in  this  pa[)er.  The  average  annual  increase  in 
total  strength  that  was  calculated  from  six  hundred  and  five  cadets 
for  the  years  from  sixteen  to  twenty-one  is  55*0  kilos ;  that  due  to 
gymnasium  exercise  is  235  kilos,  exceeding  the  normal  nearly  five 
times.  Indeed,  the  increase  in  strength  following  exercise  which  is 
systematized  and  well  regulated  is  generally  so  rapid  and  occurs 
with  such  great  regularity  that  it  has  long  since  ceased  to  astonish 

*  For  an  explanation  of  what  is  meant  by  “total  strength,”  the  reader  is  referred  to  an 
article  in  the  Amcr.Jour.  o  f  the  Med.  Seienccs,  September,  1894 — Football  and  i'  e  Physicpie 
of  its  Devotees,  etc.,  by  H.  G.  Beyer. 
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me,  and  I  firmly  believe  that  the  now  so  wonderful  performances  of 
most  of  our  “  strong  men  ”  are  well  within  the  reach  of  the  majority 
of  healthy  men,  if  such  performances  were  a  serious  enough  part  of 
their  ambition  to  make  them  do  the  exercises  necessary  to  develop 
them.  ^Nothing,  in  fact,  seems  to  be  more  natural  to  our  composition 
and  organization  than  to  immediately  provide  an  increased  supply  of 
strength  in  answer  to  an  increased  demand  made  upon  it  through  the 
performance  of  muscular  work.  This  is  true  not  only  for  the  period 
of  normal  growth  which  comes  to  an  end  at  the  age  of  twenty-one 
years,  but  also  for  that  period  which  reaches  well  into  middle  life. 


A  STATISTICAL  AND  EXPERIMENTAL  STUDY  OF 
TERMINAL  INFECTIONS  * 


By  SIMON  FLEXNER,  M.  D., 

BALTIMORE. 

{Front  the  Pathological  Laboratory  of  the  Johns  Hopkins  University  and  Hospital.) 

The  recognition  of  the  part  played  by  bacterial  infection  in  the 
causation  of  death  in  chronic  diseases  has  gained  in  importance  with 
the  multinlication  of  observations  upon  the  occurrence  of  such  infec¬ 
tions  in  human  beings,  the  subjects  of  chronic  diseases  of  the  heart, 
kidney,  liver,  and  other  organs.  The  data  for  a  proper  appreciation 
of  the  relation  existing  between  bacterial  infection  and  chronic  dis¬ 
ease  are  to  he  gained  less  by  the  clinical  observation  of  cases  than  by 
systematic  bacteriological  examinations  at  autopsies.  The  routine  study 
of  cases  at  autopsy  by  bacteriological  methods  will  not  infrequently 
reveal  the  presence  of  pathogenic  micro-organisms  which  were,  per¬ 
haps,  unsuspected  during  the  life  of  the  patient.  This  fact  has  been 
demonstrated  repeatedly  in  the  course  of  the  autopsy  work  at  the 
Johns  Hopkins  Hospital,  where  for  some  time  past  it  has  been  the 
practice  to  make  routine  bacteriological  examinations.  Indeed,  such 
examinations  have  come  to  be  regarded  as  belonging  to  the  technique 
of  the  post-mortem  examination.  The  data  which  the  first  part  of 
this  paper  embodies  are  taken  from  the  pathological  records  of  the 
hospital,  and  represent  the  results  of  bacteriological  examinations 
made  by  Drs.  Welch,  Councilman,  Barker,  Blumer,  Livingood,  and 
myself. 

The  routine  bacteriological  examination  of  ordinary  cases  is  read¬ 
ily  made  and  does  not  take  much  time,  while  the  investigation  of 
general,  multiple,  and  mixed  infections  requires  much  time  and  pa¬ 
tience.  The  proper  study  of  cases  demands  the  preparation  of  cul- 

*  Head  at  the  Eleventh  Session  of  the  Association  of  American  Physicians 
held  at  Washing'ton,  April,  1896. 
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tures  from  the  various  cavities  and  all  the  viscera  of  the  body,  and 
this  is  equally  true  whether  a  definite  local  infectious  process  is  dis¬ 
covered  or  not.  The  distribution  of  bacteria  is  not  always  a  regular 
one,  and  with  a  given  local  inflammatory  process  of  bacterial  origin 
secondary  bacterial  accumulations  may  be  present  in  some  organs 
and  absent  from  others.  Where  no  such  special  localization  occurs 
only  a  complete  set  of  cultures  can  be  taken  to  exclude  the  possibility 
of  bacterial  development. 

Negative  results  in  bacteriological  examinations  do  not  necessarily 
afford  positive  proof  of  the  absence  of  micro-organisms,  as  these  may 
have  been  present  in  such  small  numbers  as  to  escape  detection,  or 
have  been  irregularly  distributed  in  an  organ,  or  at  the  time  of  ex¬ 
amination  have  been  dead;  or.  Anally,  the  culture  media  upon  which 
they  have  been  transplanted  may  not  have  been  suitable  to  their 
growth.  In  view  of  some  of  these  possibilities,  cover-slip  preparations 
from  organs  and  exudates  should  be  made  and  examined  along  with 
the  study  of  cultures. 

Out  of  the  793  autopsies  performed  in  the  Johns  Hopkins  Hospital 
I  have  found  in  the  records  255  in  which  occurred  chronic  heart  or 
kidney  disease,  or  both  combined,  and  in  which  the  bacteriological 
examination  was  sufficiently  complete  to  make  them  of  use  for  this 
paper.  This  number  does  not  represent  all  the  cases  of  chronic  heart 
and  kidney  disease  that  came  to  autopsy.  In  some  the  bacteriological 
examination  was  either  not  carried  out  at  all  or  the  records  do  not 
suffice  for  our  purpose.  Tubercular  infection  is  not  included  in  this 
summary,  although  we  are  not  unmindful  of  the  occurrence  of  acute 
miliary  tuberculosis  as  a  terminal  event  in  cases  with  some  focus  of 
localized  tuberculosis.  Of  the  255  cases  mentioned,  213  gave  positive 
and  42  negative  results. 

If  Ave  direct  our  attention  to  the  results  of  the  study  by  bacteri¬ 
ological  means  of  cases  of  chronic  Bright’s  disease,  in  which  the  kid¬ 
ney  lesions  were  the  chief  feature,  we  find  that  of  32  cases  unassoci¬ 
ated  Avith  cardiac  or  other  chronic  disease,  29  gave  positive  and  3 
negatiA^e  results.  Similarly  of  112  cases  of  combined  chronic  renal 
and  chronic  cardiac  disease,  85  yielded  positive  and  27  negative  re- 
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suits.  In  a  considerable  number  of  cases  of  clironic  Briglit’s  disease 
other  chronic  diseases  were  present.  These  consisted  of  tumours,  such 
as  carcinomata,  sarcomata,  and  myomata,  of  cirrhosis  of  the  liver  and 
lungs,  chronic  proliferative  peritonitis,  etc.  Of  54  cases  of  combined 
chronic  Bright’s  disease,  bacteriological  examination  gave  51  positive 
and  3  negative  results. 

A  similar  study  of  the  cases  of  chronic  heart  disease  yields  the 
following: 

The  number  of  cases  of  heart  disease  alone  in  which  bacteriologi¬ 
cal  examinations  were  made  was  41,  of  which  32  were  positive  and  9 
negative.  The  number  of  cases  of  chronic  heart  disease  associated 
with  other  chronic  diseases  than  chronic  Bright’s  disease  was  22,  of 
which  16  gave  positive  and  6  negative  results.  The  cases  of  combined 
chronic  heart  and  kidney  diseases  are  the  same  as  are  given  with  the 
summary  relating  to  the  latter  organ. 

For  the  purpose  of  this  paper  no  attempt  was  made  to  separate  the 
primary  heart  from  the  primary  kidney  cases  where  both  organs  were 
affected.  Again,  the  cardio- vascular  system  has  been  regarded  as  a 
whole,  no  division  having  been  made  into  primary  arterial  and  pri¬ 
mary  cardiac  disease,  provided  that  the  heart  was  the  seat  of  patho¬ 
logical  changes.  These  latter  consisted  of  hypertrophy  with  and  with¬ 
out  dilatation,  disease  of  the  coronary  arteries,  fibrous  myocarditis, 
and  chronic  adhesive  pericarditis. 

The  infections  may  be  local  or  general.  The  former  are  much 
more  common  than  the  latter,  and  are  found  in  a  large  proportion  of 
all  cases  of  chronic  Bright’s  disease,  arterio-sclerosis,  cirrhosis  of  the 
liver,  and  other  chronic  diseases.  Affections  of  the  serous  membranes 
(acute  peritonitis,  pleuritis,  and  pericarditis),  meninges,  and  endo¬ 
cardium  are  the  most  frequent,  but  not  the  only  lesions.  Special 
localizations  of  the  micro-organisms  are  met  with  in  the  viscera. 

AVe  shall  first  consider  the  general  infections.  Ko  special  group 
of  bacteria  is  present  in  these  in  contradistinction  to  those  present  in 
the  local  infections.  Not  infrequently  a  local  lesion,  such  as  ery¬ 
sipelas,  acute  peritonitis,  or  acute  endocarditis,  exists  which  antedates 
the  general  invasion  of  the  body  by  the  infectious  agent.  It,  how- 
37 
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ever,  may  and  actually  does  happen  that  the  point  of  entrance  of  the 
micro-organisms  can  not  he  made  out  at  the  autopsy.  Either  no  lesion 
exists  at  the  jdace  of  entrance  or,  as  is  moi'e  probable,  it  is  so  small 
and  insignificant  as  to  escape  detection.  Among  the  cases  of  general 
infection  are  found  examples  of  cryptogenetic  infection,  in  which  the 
primary  focus  is  so  hidden  that  it  is  found  at  autopsy  only  after  pains¬ 
taking  search.'" 

In  the  series  of  chronic  kidney  diseases  are  included  38  cases  of 
general  infection:  namely,  Bright’s  disease  alone,  3  (out  of  29);  com¬ 
bined  Bright’s  and  heart  disease,  19  (out  of  85);  combined  renal  and 
other  chronic  diseases,  16  (out  of  51). 

The  micro-organisms  causing  these  infections,  38  in  all,  were  the 
streptococcus  pyogenes,  16  cases;  staphylococcus  pyogenes  aureus,  4 
cases;  micrococcus  lanceolatus,  6  cases;  gas  bacillus,  three  times  alone 
and  twice  combined  with  the  bacillus  coli  communis;  the  gonococcus, 
anthrax  bacillus,  bacillus  proteus,  the  last  combined  with  the  bacillus 
coli,  the  bacillus  coli  alone,  a  peculiar  capsnlated  bacillus,  and  an  un¬ 
identified  eoccus,  each  in  one  instance. 

AVhat  is  striking  in  this  list  is  the  preponderance  of  the  usual  pyo¬ 
genic  cocci.  These  may  occur  without  association  with  abscess  forma¬ 
tion.  In  a  large  proportion  of  our  cases  of  septicaemia  visible  focal 
lesions  Avithin  the  organs  were  not  present  at  the  autopsy.  The  usual 
conditions  found  Averc  acute  splenic  tAimour  and  more  or  less  seA'ere 
parenchymatous  degeneration  of  the  Auscera,  Avuth  sometimes  micro- 
scojAical  necroses  of  tissue  cells  as  Avell. 

Xo  attemi)t  has  been  made  to  separate  the  streptococci  into  dis¬ 
tinct  groups,  and  in  this  paper  they  are  all  included  under  the  designa- 

*  Such  a  case  ■was  that  of  a  youiipf  man  who  had  a  healed  tiiherciilous 
lesion  of  the  dorsal  vertebra)  associated  with  kyphosis.  A  j^eneral  streiho- 
coccus  infection,  nnsiispected  during'  life,  was  found  at  the  autopsy.  Ko 
source  of  the  infection  was  jmesent  on  the  surface  of  the  body,  in  the  serous 
cavities,  or  in  the  internal  organs.  I’ainstaking  search  revealed  a  small  strep¬ 
tococcus  abscess,  embedded  in  the  deep  muscles  of  the  back,  in  the  region  of 
the  healed  tuberculous  focus.  The  heart  of  the  individual  was  hy])ertro]diied 
and  dilated,  the  hy])ertrophy  affecting  chiefly  the  right  side.  The  cavity  of 
the  thorax  was  small;  the  lungs  the  seat  of  chronic  passive  congestion.  The 
myocardium  was  the  scat  of  fatty  degeneration. 
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tion  of  streptococcus  pYOgenes,  notwithstanding  certain  cultural  dif¬ 
ferences  noted  in  the  behaviour  of  specimens  from  different  sources. 
For  the  most  part  the  streptococci  were  not  highly  pathogenic  for 
laboratory  animals. 

The  characters  of  the  staphylococcus  aureus  are  so  well  marked  that 
no  trouble  is  found  with  its  classification. 

The  micrococcus  lanceolatus  was  identified  from  its  morphological 
and  cultural  properties,  as  well  as  its  well-known  pathogenic  effects 
upon  animals. 

Concerning  the  bacillus  aerogenes  capsulatus  it  may  he  said  that 
there  is  evidence  of  the  distribution  of  the  bacilli  within  the  body 
during  life,  although  I  am  reluctant  to  admit  a  general  invasion  of 
the  blood  and  tissiies  before  death.  The  maintenance  of  life  for  any 
length  of  time  after  this  organism  has  established  itself  in  the  blood 
and  prodiiced  gas  there  is  probably  impossible. 

The  cases  of  proteus  septicremia  are  of  their  kind  unicpie,  and  bear 
upon  the  growing  belief  that  this  groiip  of  bacteria  may  exhibit  dis¬ 
tinct  pathogenic  properties  for  man.  The  case  of  anthrax  septicaemia 
is  of  interest,  as  it  was  associated  with  an  acute  endocarditis  and  peri¬ 
tonitis  due  to  the  bacillus  anthracis.*  Of  more  than  ordinary  intei’est 
is  the  case  of  gonococcus  septicaemia  with  localization  upon  the  heart 
valv^es.f  A  second  instance  of  general  infection  with  the  gonococcus 
following  gonorrhoea  has  just  been  noted  by  us.  This  case  will  be 
reported  in  fidl  later  by  Drs.  Thayer  and  Lazear. 

In  a  few  instances  bacteria  which  could  not  be  brought  into  har¬ 
mony  with  any  of  the  describetl  pathogenic  species  were  isolated,  at 
one  time  from  one  or  two  organs,  at  another  from  a  local  inflammation, 
or,  more  rarely  still,  from  several  organs,  or  the  heart’s  blood.  These 
unidentified  bacteria  are  reserved  for  a  fuller  description  hereafter. 

The  portals  of  entry  of  the  micro-organisms  in  these  cases  of  gen¬ 
eral  infection  were  in  some  instances  made  out  and  in  others  not.  In 
some  cases  localized  areas  of  inflammation  existed  which  were  taken 

*  Reported  by  Rliimer  and  Young'.  Johns  Hopkins  Hospital  Bnllvtin,  189o, 
Nos.  54,  55. 

t  Reported  by  Thayer  and  Blniner.  Ibid.,  1890,  No.  01. 
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to  have  antedated  the  general  invasion.  Xot  a  few  of  these  demand 
themselves  an  explanation  of  the  point  of  entrance  of  the  infectious 
agent. 

Of  the  16  instances  of  streptococcus  infection  the  infection  atria 
into  the  general  circulation  are  believed  to  be  as  follows:  Cellulitis, 
erysipelas,  leg  ulcer,  bedsore,  7 ;  phthisical  cavity,  1 ;  laparotomy,  2 ; 
tapping  abdomen,  1;  acute  pleurisy,  peritonitis,  or  pericarditis,  3; 
sloughing  angio-sarcoma,  1;  necrosis  of  placental  attachment  in 
uterus,  1. 

Of  the  4  cases  of  staphylococcus  aureus  septicaemia  there  were: 
Acute  pericarditis  following  diphtheria,  1;  operation  upon  the  peri- 
naeum  and  cervix  uteri,  2;  undetermined  (generalized  melanotic 
sarcoma),  1. 

Of  the  6  cases  of  micrococcus  lanceolatus  infection,  acute  pneu¬ 
monia  claims  4;  acute  endocarditis  and  acute  pericarditis,  and  pleu- 
ritis,  1  each. 

The  5  gas-bacillus  cases  give  aneurism  of  the  aorta  opening  exter¬ 
nally,  amputation  of  arm,  each  1  case,  and  intestine  3  cases. 

The  2  proteus  cases  take  their  origin,  one  in  a  sloughing  bedsore 
and  the  other  from  a  chronic  diphtheritic  colitis. 

The  capsulated  bacillus  gained  entrance  from  an  ascending  pyelo¬ 
nephritis;  the  anthrax  bacillus  from  an  anthrax  oedema  of  the  face. 

The  number  of  local  infections  is  much  larger.  Of  the  cases  of 
chronic  Bright’s  disease  alone,  26  occur  in  which  bacteria  were  pres¬ 
ent  in  some  local  situation ;  of  the  cases  of  combined  kidney  and  heart 
disease  66,  and  of  kidney  and  other  chronic  diseases  35. 

The  micro-organisms  found  in  the  local  situations  are,  for  the  most 
part,  the  same  as  were  met  with  among  the  general  infections.  They 
are  not  infrequently  associated  with  one  another,  and  occasionally  it 
happens  that  the  dilferent  organs  contain  different  bacteria.  Indeed, 
certain  bacteria  appear  with  such  uniformity  within  certain  organs 
that  these  must  be  regarded  as  presenting  better  opportunities  for 
their  growth  than  do  othei’s.  Examples  are  afforded  by  the  colon 
bacillus  which  is  so  commoidy  found  in  the  kidneys  and  the  lungs, 
and  the  occurrence  of  streptococci  in  congested  and  oedematous  lungs. 

The  following  table  exhibits  the  variety,  combinations,  and  fre- 
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quency  of  occurrence  of  the  micro-organisms  found  in  the  local  infec- 


Streptococcus  alone . 14 

Streptococcus  and  b.  coli . 15 

Streptococcus  and  staphylococcus . 2 

Streptococcus  and  b.  lactis  atu’ogencs . 1 

Streptococcus  and  b.  pyocyaneus . 1 

Streptococcus  .and  unidentified  bacilli . 3 

Staphylococcus  aureus . 8 

Staphylococcus  aureus  and  b.  coli . 3 

Staphylococcus  albus  and  b.  coli . 1 

Streptococcus,  staphylococcus  aur.,  and  b.  coli . 4 

Streptococcus,  staishylococcus  aur.,  and  b.  lactis  aerogcnes  ...  1 

lilicrococcns  lanceolatus . 12 

Micrococcus  lanceolatus  and  b.  coli . 3 

Micrococcus  lanceolatus,  streptococcus,  and  staphylococcus  ...  4 

Jlicrococcus  lanceolatus  and  streptococcus . 1 

IMicrococcus  lanceolatus  and  staphylococcus  aureus . 1 

Idicrococcus  lanceolatus  and  b.  aerogenes  eapsulatus . 3 

Bacillus  coli  communis . 20 

B.  coli  and  b.  diphtherias . 1 

B.  coli,  b.  dijshtheriiu  and  streptococcus . 1 

B.  coli,  streptoc.,  staphyl.  alb.,  and  unidentified  bac . 1 

B,  pyoeyaneus  and  b.  coli . 2 

B.  pyocyaneus  and  b.  lactis  ath’ogenes . 1 

B.  pyocyaneus,  m.  lanceolatus,  and  b.  coli  .  .  .  .  .  .  .1 

B.  pyocyaneus  and  streptococcus . 1 

B.  proteus . 1 

B.  proteus  and  b.  coli . 1 

B.  proteus  and  b.  pyocyaneus . 1 

B.  aerogenes  eapsulatus . 1 

B.  aerogenes  eapsulatus,  b.  coli.  and  staphylococcus . 1 

B.  aerogenes  eapsulatus,  b.  coli,  and  streptococcus . 1 

B.  influenzie . 2 

B.  diiihtheria' . 1 

Staphylococcus  cercus  tlavus . 2 

B.  tetani,  streptoc.,  s.  aureus,  b.  coli . 1 

Gonococcus,  staphyl.  alb.,  and  streptococcus . 1 

Undetermined  bacilli . 3 


Upon  analyzing  this  group  we  find  that  at  least  one  place  of  local! 
zation  is  fonnd  in  the  following  sitnations  with  the  frequency  men 


tioned : 

Cases. 

Acute  peritonitis . 37 

Acute  i)leuritis  (without  pneumonia) . 11 

Acute  pericarditis . 23 

Acute  endocarditis . 19 

Acute  meningitis . 4 
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In  reference  to  this  group,  it  may  be  said  that  along  with  the 
micro-organisms  in  the  foci  of  inflammation  the  same  bacteria  as  are 
present  there  may  appear  in  one  or  more  of  the  organs  of  the  body. 
Their  distribution  is,  however,  not  so  general  as  to  warrant  their 
classification  among  the  true  septicjemias. 

The  varieties  of  bacteria  which  are  present  in  these  situations  is 
shown  by  the  following  summary,  which  also  exhibits  the  portals  of 
entry  of  the  micro-organisms  so  far  as  they  could  be  determined  with 
some  probability : 


Acute 

Peritonitis. 

Bacteria.  Frequency.  Infection  atrium. 

Streptococcus . 

8  Intestine  .... 

.  1.3  times. 

Staphylococcus  aureus  and  albus . 

9  Laparotomy 

.  13  “ 

Jlicrococcus  lanceohitus 

4  Tapping  abdomen 

2  “ 

IJac.  aerogenes  capsulatus 

3  Pneumonia .... 

.  3  “ 

Bac.  coli  coininuuis  .... 

8  Sloughing  myoma  uteri 

.  2  “ 

Bac.  pyocyaueus . 

1  Pyelonephritis  . 

.  1  time. 

Bac.  proteus . 

1  Doubtful  .... 

.  3  times. 

Bac.  authracis . 

1 

Staphylococcus  cereus  flavus 

1 

Streptococcus  and  staphyl.  aureus 

2 

Streptococcus  and  b.  coli 

1 

Streptococcus,  stai)hyl.  aur.,  and  b.  coli 
Streptococcus,  staphyl.  alb.,  and  unde¬ 

1 

termined  btieilli . 

1 

Bac.  pyocyaueus  and  b.  coli  . 

1 

Unidentitied  bacilli  .... 

1 

Acute 

Pericarditis. 

Bacteria.  Frequency.  Infection  atrium. 

Micrococcus  lanceolatus 

11  Pneumonia. 

.  8  times. 

Streptococcus . 

4  Bronchitis  .... 

2  “ 

Staphylococcus  aureus  .... 

1  Erysipelas  .... 

.  1  time. 

Bac.  pyocyaueus . 

1  Leg  ulcer  .... 

.  1  “ 

Ihic.  influenza' . 

1  Tonsils  .... 

.  1  “ 

Jl.  lanceohitus  and  b.  coli 

1  Peritona’um 

.  1  “ 

Streptococcus,  staphyl.  tiur.,  and  b.  coli 

1  Cancer  stomach  . 

.  1  “ 

Staphylococcus  and  b.  coli  . 

2  Sloughing  myoma 

.  1  “ 

Unidentified  bacilli  .... 

1  Doubtful  .... 

.  7  times. 

Acute 

Endocarditis. 

Bacteria.  Frequency.  Infection  atrium. 

Micrococcus  lanceolatus 

r>  Pneumonia .... 

.  4  times. 

Streptococcus . 

7  Intestine  .... 

.  1  time. 

Stiiphvlococcus  aureus  .  .  .  . 

2  Ulcer  leg  .... 

.  1  “ 

Bac.  influenzaj . 

2  Sloughing  care,  uterus 

.  1  “ 

Streptococcus  and  stiiphylocoecus 

1  Abscess  liver 

.  1  “ 

]hic.  pyocyaueus  tind  b.  coli 

1  Carcinoma  jiylori 

.  1  “ 

Undetermined . 

s 

1  Doubtful  .... 

.  10  times. 
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Acute  Pleurisy, 


Bacteria. 

Frequency 

Infection  atrium. 

Streptococcus 

.  4 

Peritonanim 

.  4  times. 

Micrococcus  lanceolatus 

.  3 

Intestine  .... 

.  3  “ 

B.  coli  com.  . 

.  1 

Bronchitis  .... 

.  1  time. 

B.  proteus 

,  1 

Infarction  lung  . 

.  1  “ 

Streptococcus,  staphyl.  aur.. 

b.  coli  .  1 

Doubtful  .... 

.  2  times. 

B.  aerog.  caps,  and  b.  coli  .  .  .1 
B.  coli  and  unidentified  bacillus  .  .  1 

Acute  Meningitis. 

Bacteria.  Frequency.  Infection  atrium. 

Micrococcus  lanceolatus  .  .  .3  Ac.  lobar  pneumonia  .  .  .3  times. 

Tlie  intestine,  as  will  appear  from  these  statements,  is  regarded  as 
the  portal  of  entry  not  only  of  many  of  the  bacteria  found  in  the  in¬ 
flamed  peritonmnm,  bnt  also  of  some  of  those  present  in  the  pleura, 
upon  the  heart  valves,  and  within  the  organs.  This  conclusion  is 
based  in  part  upon  the  behaviour  of  those  species  which  are  known  to 
be  derived  from  the  intestine,  namely,  the  colon  group  of  bacilli.  It 
has  been  found  that  these  bacteria  wander  through  the  intestinal  walls 
with  great  regularity  where  lesions  of  the  intestinal  mucosa  exist. 
The  lesions  present  here  need  not  for  this  purpose  be  considerable,  as 
localized  areas  of  hyperemia  and  small  ha;morrhages  often  suflice  to 
open  the  way  for  their  escape;  in  grave  lesions,  such  as  necroses, 
ulcerations,  and  tumours,  the  colon  bacilli  arc  found  almost  without 
exception  in  some  of  the  distant  viscera.  It  is  considered  probable 
that  the  definitely  pathogenic  species  of  bacteria  which  are  not  infre- 
(piently  associated  with  the  colon  bacilli  in  the  intestine  may  find  simi¬ 
lar,  although  probably  not  identical,  opportunities  for  escape.* 

The  occurrence  of  the  colon  bacilli  in  the  organs  is  frequently 
unassociated  with  any  lesion  referable  to  their  presence.  Indeed,  in 
the  great  majority  of  cases  we  have  not  looked  upon  the  presence  of  a 
moderate  number  of  colon  bacilli  as  of  pathological  significance.  In 
a  few  cases,  however,  they  Avere  present  so  generally  in  the  body  and 
in  such  largo  numbers  that  they  could  not  be  disregarded,  and  in  rare 
instances  they  Avere  found  in  association  AA'ith  definite  lesions  in  such  a 
manner  as  to  leave  no  reasonable  doubt  of  their  pathogenic  character. 

*  See  Flexner,  Peritonitis  caused  by  the  Invasion  of  the  ^iicrococcus 
Lanceolatus  from  the  Intestine.  Johns  Hopkins  Hospital  linllvtin,  1895,  No.  49. 
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On  tlie  otlier  liand,  tlie  frequent  occuiTence  of  tlie  colon  bacillus  in 
combination  with  tbe  pyogenic  cocci  is  a  matter  of  considerable  im¬ 
portance,  and,  under  such  circumstances,  these  micro-organisms  may 
come  to  have  greater  significance. 

Tlie  majority  of  cases  of  acute  pericarditis  and  acute  endocarditis 
are  found  at  the  autopsy  to  be  associated  with  pneumonia,  either  lobar 
or  lobular  in  nature.  As  the  micro-organisms  present  in  the  several 
lesions  are  usually  the  same,  it  is  probable  that  the  iDneumonia  is  the 
source  of  the  pericardial  and  endocardial  infection.  Cases  of  pleurisy 
associated  with  pneumonia  have  not  been  included  in  our  list.  In 
some  instances  acute  pericardial  and  endocardial  inflammations  have 
been  met  with  independently  of  pneumonia,  and  these  may,  indeed, 
be  the  sources  from  which  other  serous  surfaces  become  infected,  or 
a  general  infection  arises. 

In  cases  of  heart  disease  uncomplicated  with  kidney  disease,  termi¬ 
nal  infections  are  often  encountered.  Of  41  cases  of  arterio-sclerosis 
and  ehronic  valvular  disease,  eultures  showed  in  32  the  presence  of 
bacterial  infection,  while  in  22  cases  of  cardio- vascular  disease,  associ¬ 
ated  with  some  other  chronic  condition  than  Bright’s  disease,  positive 
results  were  obtained  in  16.  In  these  48  positive  cases  the  distribu¬ 
tion  of  the  bacteria  was  general  in  14  instances.  The  micro-organ¬ 
isms  associated  with  these  septicaemias  were  streptococcus  pyogenes, 
9  cases;  micrococcus  lanceolatus,  2  cases;  staphylococcus  pyogenes 
aureus,  1  case;  staphylococcus  albus  and  streptococcus,  1  case;  bacil¬ 
lus  coli  communis,  1  case. 

The  portals  of  entry  in  the  above  cases  are  believed  to  have  been 
as  follows: 


Streptococcus 


Staphylococcus  aureus 
ISIicrocoecus  lanceolatus 
Bacillus  coli  communis 


f  Leg  ulcer,  ulcer  scrotum,  circumcision 
Laparotomy  ami  peritonitis 
Abscess  of  back  (kyphosis) . 

Tonsil  .  • 

1  Carcinoma  of  stomach 
Sloughing  carcinoma  of  neck 
Otitis  media 

[  Doubtful  .... 

Fracture  of  skull  and  acute  meningitis. 
Doubtful  (no  pneumonia). 

Intestine. 


3 

t 

1 

1 

1 

1 

1 

1 
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The  remaining  32  cases  of  infection  were  of  local  iiainre,  and  of 
this  number  22  occurred  in  uncomplicated  eardio-vascular  disease, 
and  10  in  combined  chronic  cardiac  and  other  disease.  As  in  the  case 
of  the  summary  of  renal  diseases,  we  find  here  also  that  the  variety 
of  infecting  bacteria  is  greater  than  in  the  cases  of  general  infection. 
The  following  gives  the  kind  of  bacteria  and  the  frequency  and  man¬ 
ner  of  their  occurrence: 


Bacillus  coli  coinmuTiis . 4 

Streptococcus  pyogenes . 4 

jMicrococcus  lanceolatus . 4 

Bacillus  lactis  aerogenes . 1 

Bacillus  pyocyaneus . 1 

Staphylococcus  pyogenes  aureus . 2 

Staphylococcus  j)yogcnes  aureus  anil  bacillus  coli . 1 

Staphylococcus  pyogenes  aureus,  streptococcus,  gas  bacillus,  and  bacillus 

coli . 1 

Streptococcus  and  gas  bacillus . 1 

Streptococcus  and  bac.  fcetidus . 1 

Bacillus  coli  and  liriuefying  bacillus  (undetermined) . 1 

Undetermined  bacilli . o 


I  would  direct  attention  to  the  fact  which  must  now  be  admitted, 
that  the  bacillus  pyocj’aneus  which  occurs  several  times  in  our  tables 
is  like  the  more  common  pyogenic  organisms,  capable  of  producing 
distinct  and  widespread  lesions  in  human  beings.  'SVe  have  met  with 
several  instances  in  which  extensive  necrosis,  associated  at  times  with 
ulceration,  had  been  caused  by  it  in  the  gastro-intestinal  tract. 

The  special  places  of  localization  of  the  bacteria  in  the  last  series 
of  cases  is  shown  by  the  following  summary : 


Acute  peritonitis . 9 

Acute  pleuritis  (without  pneumonia) . 0 

Acute  pericarditis . H 

Acute  endocarditis . lo 

Acute  meningitis . 5} 


The  micro-organisms  which  Avere  isolated  from  each  of  the  above 
situations  AA^ere  the  folloAA’ing: 


Acute  Peritoxitis. 

Bacteria.  Frequency.  Infection  atrium. 

Streptococcus . 5  Gastric  ulcer  ....  1  time. 

Bacillus  coli  communis  .  .  .3  Iiaparotoiny  .  ,  .  .5  times. 

Streptococcus  and  bac.  fcetidus  .  .  1  Carcinoma  stomach  .  '  .  .1  time. 

Circumcision  .  .  .  .  1  “ 

Doubtful . 1  “ 
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Acute  Pericarditis. 


Bacteria. 

Frequency.  Infection  atrium. 

Jlicrocoecus  lanceolatus 

.  .  5  Pneumonia . 

.  2  times. 

Streptococcus 

.  .  1  Tonsil . 

.  1  time. 

Bacillus  coli  .... 

.  .  1  Bronchitis  . 

.  1  “ 

Gonococcus  .... 

.  .  1  Peritoiiicum 

.  1  “ 

Urethra 

.  1  “ 

Doubtful 

.  2  times. 

Acute  Endocarditis. 

Bacteria. 

Frequency.  Infection  atrium. 

Micrococcus  lanceolatus 

.  .  7  Pneumonia . 

.  3  times. 

Streptococcus 

.  .  5  Pleurisy 

.  1  time. 

Gonococcus  .... 

.  .  1  Bronchitis  . 

.  1  “ 

Streptococcus,  staphylococcus 

aureus,  Tonsil . 

.  1  “ 

and  b.  inlluenza 

.  .  1  Otitis  media 

.  1  “ 

Chain  bacilli  (unidentified)  . 

.  .  1  Circumcision 

.  1  “ 

Urethra 

.  1  “ 

Acute  endometritis 

.  1  “ 

Carcinoma  uteri 

.  1  “ 

Doubtful 

.  4  times 

Acute  Pleurisy. 

Bacteria. 

Fre(inency.  Infection  atrium. 

Strejitocoecus 

.  .  3  Bronchitis  . 

.  1  time. 

Micrococcus  lanceolatus 

.  .  2  ('ircu  incision 

.  1  “ 

Gonococcus  .... 

.  .  1  Urethra 

.  1  “ 

Doubtful 

.  3  times. 

Acute  Mexinoitis. 

Bacteria. 

Frequency.  Infection  atrium. 

]\Iicrococcus  lanceolatus 

.  .  2  Pneumonia. 

.  1  time. 

Stivptococcus 

.  .  1  Fracture  of  skull 

.  1  “ 

Operation  on  phary 

IX 

.  1  “ 

Tliis  list  leaves  unmentioiieJ  a  considerable  number  of  cases  in 
Avliicli,  in  tlie  absence  of  micro-organisms  in  or  inflammation  of  tlie 
serous  cavities  and  upon  the  heart  valves,  pathogenic  bacteria  were 
found  in  one  or  several  of  the  viscera.  It  would  lead  too  far  afield  to 
consider  the  character  of  the  lesions  which  may  be  associated  with  the 
invasion  of  the  pathogenic  bacteria  which  we  have  considered.  But 
beside  those  Avhich  were  at  once  evident  to  the  naked  eye,  microscopic 
foci  of  cell  degeneration  and  necrosis  were  frequently  encountered. 

The  siimmary  presented  above  will,  if  I  mistake  not,  suffice  to 
show  the  value  of  systematic  bacteriological  studies  at  human  autop¬ 
sies.  It  will  also  serve  to  emphasize  the  importance  of  the  role  played 
by  pre-existing  chronic  disease  in  determining  susceptibility  to  infec- 
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tion,  and  to  illustrate  the  statement  of  Osier:  It  may  seem  para¬ 
doxical,  but  there  is  truth  in  the  statement,  that  persons  rarely  die  of 
the  disease  with  which  they  suffer.  Secondary  infection,  or,  as  we  are 
apt  to  call  them  in  hospital  wards,  terminal  infections,  carry  off  many 
of  the  incurable  cases  in  the  wards.”  * 

Xow  that  the  subject  of  the  intoxications  is  coming  to  have  so 
much  significance  in  human  pathology,  and  there  is  reason  to  believe 
that  many  of  the  bacterial  infections  do  harm  by  intoxication  rather 
than  by  infection,  'per  se,  it  might  be  pertinent  to  ask  how  far  the 
operation  of  toxic  substances  may  be  responsible  for  still  other  ex¬ 
amples  of  death  in  chronic  disease,  and  whether  there  exists  under 
these  circumstances  greater  vulnerability  to  the  actions  of  these  poi¬ 
sons  just  as  we  must  admit  a  lessened  resistance  to  the  invasion  of 
pathogenic  bacteria. f 

The  exact  factors  concerned  in  producing  the  increased  suscepti¬ 
bility  to  infection  in  chronic  disease  are  quite  unknown.  That  the 
lessened  resistance  depends  upon  profound  alterations  in  the  body  con¬ 
stituents  is  certainly  probable,  and,  in  view  of  the  disturbance  of  func¬ 
tion  associated  with  changes  in  organic  structure,  it  is  not  difficiilt  to 
form  conjectures  as  to  their  possible  character.  AVe  are  also  helped 
to  a  conclusion  by  the  experiments  upon  animals,  which  tend  to  show 
that  various  injurious  infliiences,  by  modifying  the  quantity  and  qual¬ 
ity  of  the  blood,  the  physiological  nutrition  and  state  of  rest  of  the 
body,  as  well  as  its  normal  metabolism,  increase  susceptibility  to  infec¬ 
tion. 

It  is  exceedingly  probable  that  pathogenic  micro-organisms  not 
infrequently  gain  entrance  within  the  body  in  health,  but  do  little 
harm  there,  and  are  quickly  removed  or  destroyed.  AVe  have  abun- 


*  Osier,  Practice  of  ^Medicine,  1S9.>,  p.  132. 

t  Cf.  Bouchard,  Lemons  sur  les  auto-intoxications  dans  Ics  maladies. 
Paris,  18S7.  llog'er.  Action  du  foie  sur  les  poisons.  Paris,  These,  1887.  Also 
Bole  du  foie  dans  les  auto-intoxications.  (Jaz.  des  hopitaii.r,  1887,  p.  C6.  3‘Bvald 
u.  Jacobson,  Ueber  ptoinainartiiye  Kdrjier  im  Ilarn  bei  chi'onischen  Krank- 
heitsprocessen.  Berliner  klin.  ^yochcnsehrift,  1894,  No.  2,  p.  25.  Alim,  Ueber 
die  Auto-intoxicationen  der  Intestinaltractus,  Berlin,  1895.  Ixraus  ii.  Ilonifj- 
mann,  Patholofyie  der  Auto-intoxicationen.  Brfiehnissc  der  Allij.  Patholotjie  u. 
Bathohxjisehen  Anatoinie,  Zweite  Abtheilung’,  1895,  p.  573. 
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dant  evidence  of  the  power  of  the  body  to  destroy  many  pathogenic 
bacteria  which  enter  it  from  without  or  are  introduced  by  experi¬ 
ment,  and  thus  the  conclusion  that  in  chronic  disease  the  mechanisms 
of  disposal  of  bacteria  are  in  abeyance  or  insufficient  is  not  to  be  re¬ 
sisted. 

The  chief  defences  against  the  invasion  of  pathogenic  micro-organ¬ 
isms  are  the  body  fluids  and  cells.  To  this  activity  of  the  juices  of 
the  body  and  cei'tain  of  its  constituent  cells  is  doubtless  owing  our 
relative  immunity  from  living  disease  germs.  It  is  therefore  of  the 
flrst  importance  to  know  whether  under  the  conditions  which  have 
been  shown  to  predispose  to  infection  there  is  a  demonstrable  differ¬ 
ence  in  the  bactericidal  power  possessed  by  these  substances. 

The  experiments  which  will  be  given  here  have  been  made  with 
the  blood-scrum  of  a  number  of  cases  of  chronic  disease  from  the 
medical  wards  of  the  Johns  Hopkins  Hospital.  I  wish  to  express  my 
indebtedness  to  Dr.  Osier  for  his  courtesy  in  placing  these  patients  at 
my  disposal,  and  to  the  house  staff  for  their  ready  co-operation.  For  the 
piTi’pose  of  comparison,  blood  obtained  in  siirgical  operations  from 
healthy  individuals  was  employed.  For  the  placental  blood  I  am 
indebted  to  Dr.  Dobbin,  the  resident  obstetrician,  who  collected  it 
for  me  in  sterile  tubes  immediately  after  cutting  the  umbilical  cord. 

The  blood  of  adults  was  obtained  directly  from  veins  by  aspira¬ 
tion.*  A  Roux  syringe,  sterilized  by  steam,  was  employed,  the  skin 
of  the  patient  first  having  been  scrupulously  cleansed.  This  method 
is  believed  to  have  advantage  over  cupping  as  employed  by  Stern. 
Contaminations  of  the  blood  were  never  encountered,  and  10  cubic 
centimetres,  or  even  nioi*e,  were  readily  secured  at  a  single  operation. 
The  blood  was  immediately  transferred  to  Ruttall’s  bulbs,  as  it  was 
found  that  the  serum  separated  better  in  these  than  in  test  tubes. 
After  a  period  varying  from  two  to  thirty  hours  the  serum  was  pi¬ 
petted  off  into  test  tubes,  1  cubic  centimetre  being  the  standard 
amount  used  in  each  experiment. 

*  In  two  instances  tlie  blood  was  aspirated  immediately  after  death  from 
the  heart,  and  in  another  instance  from  the  femoral  vein.  In  all  cases  only 
sterile  blood  was  employed,  cultures  iipon  agar-agar  being  employed  for  this 
determination. 
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The  bacteria  which  I  have  thus  far  tested  upon  human  blood- 
serum  are:  (1)  staphylococcus  pyogenes  aureus,  (2)  bacillus  typhosus, 
(3)  bacillus  of  Friedlander.  The  experiments  are  most  complete  as 
regards  the  first-mentioned  micro-organism,  and  the  present  report 
will  refer  exclusively  to  it.  The  reasons  which  led  to  the  selection 
of  the  staphylococcus  aureus  for  the  first  series  of  experiments  are  the 
following:  The  study  of  the  cases  of  terminal  infections  in  human 
beings  showed  that  the  pyogenic  cocci  were  the  chief  bacteria  con¬ 
cerned  with  such  infections.  It  was  therefore  considered  most  nat¬ 
ural  to  expose  these  to  the  action  of  the  serum.  The  staphylococcus 
aureus  is  not  the  chief  invader  in  these  infections;  it  is  exceeded  both 
by  the  streptococcus  pyogenes  and  the  micrococcus  lanceolatus.  How¬ 
ever,  the  development  upon  culture  media  of  the  last  two  forms  is 
subject  to  such  variation  under  favourable  conditions  that  the  error  of 
experiment  must  have  been  much  greater  than  with  the  golden  staph¬ 
ylococcus,  which  presents  no  such  difficulties. 

"Writers  do  not  entirely  agree  as  to  the  effects  of  the  normal  fluids 
of  the  body  upon  the  pyogenic  cocci,  the  majority  (Xuttall,*  Stern, f 
Prudden  :J:)  stating  that  they  are  quite  without  effect.  On  the  other 
hand,  Kovighi  ^  considers  that  he  has  shown  human  blood-serum  to 
possess  bactericidal  properties  for  the  staphylococcus  aureus.  He  also 
observed  a  reduction  of  this  power  for  the  staphylococcus  aureus  in 
two  out  of  six  persons  suffering  from  severe  cachexia. 

In  our  experiments  the  blood  of  a  number  of  persons  has  been  sub¬ 
jected  to  study,  and  from  the  results  obtained  it  will  appear  that  nor¬ 
mal  human  blood-serum  docs  possess  distinct  bactericidal  properties 
for  staphylococcus  aureus;  and  also  that  this  poAver  is  absent,  or  dimin¬ 
ished,  in  at  least  some  cases  of  advanced  chronic  disease. 

Our  experiments  show  that  the  destructive  effect  exerted  by  the 
normal  blood-serum  upon  the  staphylococcus  aureus  is  not  an  invari¬ 
able  quantity,  and  is  at  most  much  less  marked  than  is  observed  with 

*  Zcitschrift  fiir  Hygiene,  1885,  Banil  iv,  p.  353. 

t  Zcitschrift  fiir  kiin.  Medicin.,  1890,  Band  xviii,  p.  4G. 

t  Medical  Record,  1890,  vol.  xxxvii,  p.  85. 

*  Atti  della  R.  Accademia  niedica  di  Roma,  Anno  10,  vol.  5,  Serie  11,  Boin., 
1890. 
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some  other  pathogenic  bacteria,  such  as  the  bacteria  of  Asiatic  cholera 
and  of  typhoid  fever.  It  is,  however,  unjustifiable  to  compare,  as  has 
been  done,  the  reduction  in  numbers  which  takes  place  when  the 
golden  staphylococcus  is  transplanted  to  blood-serum,  with  the  dimi¬ 
nution  which  regularly  occurs  after  the  introduction  of  the  micro¬ 
organism  into  physiological  salt  solution.  The  two  processes  have 
little  in  common;  the  one  fluid  (blood-serum)  is  at  first  destructive, 
and,  after  spending  its  power  in  this  direction,  becomes  a  suitable  cul¬ 
ture  medium,  while  the  other  (salt  solution)  permits  at  first  a  small 
increase  of  organisms  from  the  niitriment  carried  over,  and  then  leads 
in  a  relatively  short  time  to  a  gradual,  hiit  often  complete,  disappear¬ 
ance  from  starvation  of  the  added  micro-organisms. 

The  method  of  determining  the  effect  of  the  human  serum  was  the 
one  usually  employed.  It  consisted  in  introducing  a  suspension  of  a 
young  agar  or  potato  culture  of  the  staphylococcus  aureus  in  physio¬ 
logical  salt  solution  into  the  blood-serum.  The  same  oese  was  used 
throughout  each  series  of  experiments,  and  care  was  exercised  not  to 
carry  any  of  the  nutritive  material  into  tlie  inoculated  serum.  Dupli¬ 
cate  sets  of  plates  were  commonly  employed.  The  inoculated  blood- 
serum  was  kept  at  the  temperature  of  35.5°  to  30°  C.  The  agar-agar 
plates  were  permitted  to  develop  for  at  least  forty-eight  hours  at  this 
tenii)crature.  For  the  enumeration  of  crowded  plates  the  counter  of 
Lafar  *  was  used  under  a  very  low  power  (Ziess  objective  Ao,  eye¬ 
piece  Xo.  2)  of  the  microscope.  I  also  found  this  instrument  very 
convenient  for  counting  with  the  naked  eye  when  a  modeiaitely  large 
inimber  of  colonies  had  developed  upon  the  plates.  This  method  of 
estimation  is  not  free  from  error;  but  when  carefully  conducted  the 
dui)licate  counts  are  in  remarkable  accordance  with  each  other. 


Artion  of  Nomud  Unuinn  Serum  upon  Stuphi/loeoccus  Aureux. 


Xo. 

Control  j)lute.  j 

1  hour. 

2  hourn. 

4  hours. 

0  hours. 

84  hours. 

1 

2 

3t 

83,7(14 

25,272 

10,920 

4,823 

8,424 

5,740 

11,255 

4,212 

Increase. 

Increase. 

1  Increase. 

7,800 

18,92.5 

7,210 

*  Zcitxchrift  fiir  Xahniut/sviittd-vntcrsKchiiii!/.,  "WUmi.,  1893,  No.  24,  p.  429. 
(Al)st.  Cciitralbl.  f.  Bultcriolouie  n.  Purasitcnknndc,  1894,  Hand  xv,  p.  331.) 
t  JMood  from  the  enlarged  veins  in  a  myoma  of  the  uterus. 
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Action  of  Placental  Blood-Hcmm  upon  Staphylococcus  Aureus, 


No. 

Control  plate,  j 

2  hours. 

3  hours.  1 

4  hours.  j 

6  hours.  j 

24  hours. 

1  i 

33,260  1 

73,632  i 

34,690 

67,494 

39,912 

1 

2  ! 

77>11  1 

166,000  1 

Increase. 

3 

46,666  i 

210,432 

i 

56,000  1 

200,000  j 

4 

. 

280'000 

Increase. 

Action  of  Human  Serum  from  Casts  of  Chronic  Diseases  upon  Staphylococcus  Aureus. 

1 

No. 

Control  plate.  | 

1  to  2  hours.  1 

3  to  4  hours. 

6  hours. 

8  hours. 

j  24  hours. 

1* 

1  33,764 

'  67,720 

28,137 

4,220,500 

2+ 

3t 

4* 

62,000 

20'614 

11,164 

i  17A79 

i  13,013 

30,000 

75,000 

1 

1  50,193 

Increase. 

H 

f)^ 

60,000 

63,000 

62,400 

!  61,434 
i  16,246 

100,000 

1  . 

70 

26’676 

10,166 

;  6,356 

Increase. 

n 

H 

1  32,000 

1 

16,000 

1  14^742 

1  9'828 

'  952 

1  . 

Increase. 

*  Arterio-sclerosits ;  mitral  insufficiency  failure  of  compensation. 

•f  Arterio-sclerosis  ;  chronic  nephritis. 

I  Arterio-sclerosis  ;  multiple  aneurism  formation  ;  chronic  nephritis. 

*  Aortic  insufficiency. 

I  Chronic  nephritis ;  unemia. 

^  Chronic  nephritis  ;  general  anasarca. 

()  Arterio-sclerosis ;  aortic  insufficiency.  (Discharged  improved.) 

J  Emphysema  ;  heart  hypertrophy.  (Discharged  improved  after  bloodletting.) 

^  Aortic  and  mitral  insufficiency. 

The  foregoing  tables  sliow  that  of  tlirce  specimens  of  average  nor¬ 
mal  liuman  blood-serum  one  only  did  not  possess  marked  destructive 
power  for  the  stapliylococcfis  aureus,  and  with  respect  to  this  sample 
it  may  be  qtiestioned  wbetlier  it  is  to  bo  regarded  as  strictly  belong¬ 
ing  to  this  class.*  Tlie  greatest  number  of  micro-organisms  destroyed 
was  29,000  in  four  hours  (Case  I),  and  21,000  in  six  hours  (Case  II). 
Of  nine  samples  of  blood  taken  from  persons  suffering  with  some  form 
of  chronic  disease,  in  six  no  appreciable  effect  was  exerted  upon  this 
micro-organism.  Kegarding  the  three  samples  in  which  more  or  less 
bactericidal  effect  was  produced,  it  is  of  interest  to  record  that  in  two 
(Xo.  7  and  8)  the  patients  improved  while  in  the  hospital,  and  in  one 
instance  only  (Xo.  0),  in  which  the  blood-scrum  exhibited  distinct  bac- 

*  The  figures  given  in  the  first  table  may  be  taken  as  representative,  as 
several  subsequent  estimations  confirm  them.  In  one  case  only  (convales¬ 
cent  from  measles)  was  this  power  missed  in  normal  adult  human  serum. 
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tericidal  effects,  did  the  patient  die  within  a  short  time  of  the  examina¬ 
tion.  It  is  not  a  little  surprising,  in  view  of  the  other  results  given,  to 
find  that  placental  blood-serum  exerts  at  most  a  temporary  inhibition 
of  develo^iment  of  this  organism.  On  the  other  hand,  the  placental 
serum  showed  marked  destructive  power  for  the  bacillus  typhosus. 

Time  does  not  permit  a  detailed  consideration  of  the  relation  of 
immunity  to  the  bactericidal  property  of  the  blood-serum,  and,  indeed, 
it  is  admitted  that  there  is  no  fixed  relation  between  these  phenomena. 
Yet  observations  are  not  wanting  to  show  that  in  both  natural  and 
acquired  immunity  a  correspondence  between  this  property  of  the 
blood-serum  or  its  absence  exists;  however,  not  in  all  cases.  The 
serum  of  the  rat  is  destructive  to  anthrax  bacilli,  while  that  of  man 
and  the  mouse  have  little  or  no  effect  upon  these  micro-organisms,  and 
the  serum  of  the  rabbit  varies  in  its  behaviour.  Similarly  the  blood- 
serum  of  the  immune  guinea-pig,  when  diluted  witli  bouillon,  exerts 
injurious  effects  i;pon  the  cholera  vibrio,  which  the  normal  serum 
fails  to  do.*  The  serum,  too,  of  the  vaccinated  calf  destroys  the 
activity  of  the  vaccine  virus,  while  the  ordinary  serum  leaves  it  un¬ 
affected,  f  There  is  much  significance,  too,  in  the  observation  that 
just  those  micro-organisms  which  are  readily  and  quickly  killed  by 
the  serum  are  rarely  or  never  found  in  the  circulating  blood  in  their 
respective  diseases.  Examples  of  this  are  furnished  by  Asiatic  cholera 
and  typhoid  fevei’.  Further,  FKigge  has  pointed  out  that  in  anthrax 
infection  in  rabbits  the  bactericidal  effect  of  the  blood  is  lost  before 
the  bacilli  make  their  way  into  the  larger  vessels. 

Yormal  blood-serum  contains,  in  addition  to  bactericidal  princi¬ 
ples,  antitoxic  substances  which  must  be  of  great  importance  in  estab¬ 
lishing  and  preserving  immunity.:|;  The  comparative  study  of  the 
antitoxic  values  of  blood  derived  from  persons  suffering  from  chronic 
disease  is  reserved  for  a  later  communication. 

*  Pfeiffer,  Devtsche  mcd.  Woclicnschrift,  February  13,  1896. 

t  Sternberg,  Immunity  and  Serum  Therapy,  New  York,  1895,  p.  234. 

t  Esclierich  u.  Klemensiewicz,  Ccntralbl.  ftir  Bnkteriologie,  1893,  Band  13, 
p.  153.  Abel,  Deutsche  vied.  WoehenseJirift,,  1894,  Nos?.  48  u.  50,  p.  899  u.  936. 
Wassermann,  Zeitschrift  fiir  Hygiene,  1895,  Band  19,  p.  408.  Fiselil  u.  v. 
Wunsebheim,  Zeitschrift  fiir  Ilcilkunde,  1895,  Band  16,  p.  429. 
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